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Abstract 
This project was undertaken to model a full scale train fire using Fire Dynamics 
Simulator (FDS). Previous modeling efforts predicted earlier flashover and higher heat 
release rates than in the actual experiment. An analysis to quantify newspapers as an 
ignition source was performed and the ignition area was remodeled based on newspaper 
ignition tests. Improvements were made to material sub-models.  Full simulations were 
conducted, resulting in a more accurate full scale model. 
 
 
 x
Executive Summary 
In Queensland Australia in 2003 an experimental full scale train fire was conducted 
by the Commonwealth Scientific and Industrial Research Organization (CSIRO).  In 
order to predict a viable heat release rate (HRR) for the full scale test, fire dynamics 
simulator (FDS) was used by a group of Worcester Polytechnic Institute (WPI) students 
in 2005 for their Major Qualifying Project (MQP).  FDS, developed by the National 
Institute of Standards and Technology (NIST), is a computational fluid dynamics (CFD) 
model that accurately predicts fire scenarios.  
 The 2005 MQP group’s results yielded a peak HRR which was higher than expected. 
The time to flashover in the FDS train simulation was too early and was the cause for the 
inaccurate peak HRR.  Finally the flame reached the ceiling in the FDS train simulation 
faster than in the actual experiment. The differences between the full train simulation 
results and the experimental train fire results were greater than expected and needed to be 
investigated more thoroughly. 
 The contributing factors which led to the inaccurate results were the ignition source 
and some of the interior combustible materials.  The area of the ignition source was 
unknown to the 2005 MQP and the data file in FDS did not contain sufficient functions to 
describe the HRR of the ignition source. The interior combustible materials included the 
carpet flooring, the glass reinforced plastic (GRP) wallboards, and the seat cushions of 
the train. The 2005 MQP modeled the carpet and seat correctly; however the GRP was 
modeled as a thermoplastic material instead of a charring material. 
Several ignition source experiments were conducted at CSIRO to attain more 
accurate data to input into FDS. The ignition source experiments were done under 
 xi
conditions comparable to the actual live fire test. The ignition source from the actual full 
scale train fire test was a one kilogram newspaper under a passenger train seat in the 
corner of the train car. It was found that the packing density of the ignition source was 
not quantified.  A process of quantification was derived using different packing densities.  
An ideal packing density was matched with the visual data from the actual train fire 
experiment and was then modeled in FDS.  An ignition source area FDS model was made 
and results matched the ignition source experiment.  The ramp up functions used in the 
ignition source area FDS model were sufficient, and were implemented into the final full 
scale FDS train model. 
For modeling the materials PYRO4, a simulation written for FDS that simulates a 
burning material in a cone calorimeter test, was used.  The GRP model was changed from 
a thermoplastic to a charring fuel model. The modeling process for materials in PYRO4 
required much iteration.  Parameters such as heat of vaporization (HOV), heat of 
combustion (HOC), density, and thermal conductivities (k) were changed individually to 
produce new simulations.  After each simulation a plot of the heat release rate per unit 
area (HRRPUA) curve was plotted and compared to the cone data.  The characteristics of 
the HRRPUA curve from the simulations were compared to that of the cone data to 
determine its accuracy. A suitable model was chosen based on its "double-hump" shaped 
curve of a charring material that has the correct timing and values for the exponential 
growth, decay, and peak HRR duration. The suitable models were then implemented into 
the final full scale FDS simulation.  
The final ignition source area, GRP, and carpet models were incorporated in the full 
scale train model from the previous modeling efforts.  The simulations often took several 
 xii
weeks to complete, resulting in a limited number of simulations.  Initially, simulations 
were run to determine the optimal grid size and number of meshes.  Simulations had 
anywhere from 2-4 meshes varying in grid sizes from 1 cm to 8 cm with smaller grids 
closer to the ignition area. The optimal mesh arrangement had two 2 cm meshes at the 
north end of the train near the ignition source, one for each side of the train, ending just in 
front of the first seat.  The abutting mesh was 4 cm spanning the width of the train and 
encompassing the next few seats.  A final 8 cm mesh was used for the rest of the train.  
Each mesh had around a half million cells.  
After an appropriate mesh arrangement was determined, several different versions of 
the GRP and carpet models were tested. The GRP and carpet were significantly 
remodeled, improving the simulation overall.  The improved simulation had a peak heat 
release of 6 MW with flashover at 115 s. Improved GRP and carpet models were 
implemented in the full scale model with minor improvements to the final results.   
The full scale train simulation was significantly improved over previous modeling 
attempts.  The individual parts of the full scale model were all accurately represented in 
separate FDS simulations.  The ignition area model matched both the visual data from the 
full scale burn test and the ignition area experiments sufficiently.  Both the GRP and 
carpet were modeled with heat release rate curves very close to those from a cone 
calorimeter.  These improvements resulted in a lower peak heat release rate occurring 
later than in the previous model.  This led to a flashover time later than the previous 
modeling attempt and more consistent with the observations made at the live full scale 
train burn.  Although no heat release rate data was available from the live burn test, the 
predictions made by this simulation accurately represent the live burn test.
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1 Introduction 
Fire Dynamics Simulator (FDS) is a computational fluid dynamics (CFD) model 
of fire-driven fluid flow created by the National Institute of Standards and Technology 
(NIST).  The main function of FDS is to solve practical fire problems in fire protection 
engineering, as well as providing a tool to study fundamental fire dynamics and 
combustion.  In order to use FDS effectively to model a live fire test, various factors in 
the fire must be defined properly. Factors defined in FDS have a large impact on the way 
the fire is interpreted by the program as well as the results obtained. An FDS model of an 
experimental train fire, conducted by the Commonwealth Scientific and Industrial 
Research Organization (CSIRO) on  July 31, 2003 in Queensland Australia, was created 
in 2005 by a Worcester Polytechnic Institute (WPI) Major Qualifying Project (MQP) 
group (White, et al.).  
Data from the model constructed in 2005 predicted heat release rates that were 
rising 15% faster than the live test. The faster heat release rates caused flashover to occur 
too soon. The computer model failed to capture the early phase of the fire 
accurately. Likely errors can be attributed to the inappropriate characterization of the 
newspaper ignition source, inaccurate properties used for Glass Reinforced Plastic (GRP), 
and problems with the geometry of the train. The purpose of this project was to construct 
a more accurate FDS model of this passenger train and effectively apply all known 
factors to precisely simulate the live test. Various factors were studied as well as tested in 
order to make the appropriate refinements to create an FDS model that is a good 
simulation of the live full scale test.  
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The factors studied were the ignition source, the geometry of the train, and the 
GRP on the walls of the train. The ignition source was studied and full scale live testing 
was done in a large calorimeter to determine the best way to model it with FDS. Tests 
involved measuring heat release rates and flame heights corresponding to how tightly the 
paper was crumpled. Results from the full scale testing of the ignition source were 
modeled in FDS using the geometry of just the ignition source area rather than the entire 
train. Small scale FDS testing was done in an effort to reduce calculation time.  
The geometry for the FDS model had to match the geometry in the experimental 
train. The model of the passenger car provided to the group was created based upon a 
hybrid set of onsite and blue print measurements (Barden, Brown, Hetrick). The 
geometry of the seat above the ignition source was studied and modeled in FDS with a 
straight seat back, a reclined seat back, and with the chair positioned further and closer to 
the adjacent back wall. The small scale models in FDS were used to determine the most 
accurate seat position and location by cross referencing the FDS output data with the data 
obtained form the live full scale test. The most appropriate geometry was chosen to input 
into a full scale computer model of the train.  
Burning characteristics of GRP were inadequately represented in the previous full 
scale FDS model. Numerous tests were done in a separate FDS model (PYRO4  
GRP) – designed to simulate a cone calorimeter – to adjust the input information for GRP 
to match the heat release rate (HRR) curve obtained from previous cone calorimeter data. 
Once the GRP was modeled correctly in FDS, those material properties were applied to 
the full scale FDS model. 
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The PYRO4 GRP models of last year was first used as the base of the new 
PYRO4 GRP model, however, it was quickly determined that many of the values for the 
parameters used were without support from the literature.  Also, the GRP was modeled as 
a thermoplastic, instead of a charring fuel.  Actions were taken this year to research the 
physical and thermal properties of the GRP that was used in the full scale train 
experiment.  Also further development of the PYRO4 model of GRP as a charring fuel 
was undertaken to mimic the actual burning characteristics of GRP in a cone calorimeter. 
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2 Literature Review 
A train simulation in FDS was attempted in 2005 and was close to replicating the 
experimental train fire it set out to model. The FDS full scale train simulation was 
completed in March 2005 at the Commonwealth Scientific and Industrial Research 
Organization (CSIRO) in Highett, Victoria, Australia by a group of Worcester 
Polytechnic Institute (WPI) students for their Major Qualifying Project (MQP) (Barden, 
et al.). The FDS train simulation was modeled based on an experimental train fire 
conducted by CSIRO on July 31, 2003 in Queensland Australia (White, et al.). The data 
obtained form the simulation in 2005 did not correlate well with the actual data obtained 
in the live test.  
2.1 Problems with the 2005 FDS Train Simulation 
Several problems can occur due to small factors with full-scale FDS train 
simulations.  In order to determine which factors cause problems, an analysis of the FDS 
results needed to be done.  The most important results to analyze were the predicted heat 
release rate (HRR), temperatures obtained from virtual thermocouples, the peak HRR, 
time to flashover, and flame heights. An analysis of the predicted heat release rate (HRR) 
curve from the 2005 MQP full scale FDS train simulation showed a peak HRR that was 
higher than expected.  The time to flashover in the FDS train simulation occurred too 
quickly and was the cause for the inaccurate peak HRR.  Finally the flame reached the 
ceiling in the FDS train simulation faster than in the actual experiment.  The differences 
between the full train simulation results and the experimental train fire were greater than 
hoped for.  
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2.2 Reasons for the Faults in 2005 Model 
The major shortcomings of the previous modeling attempt are seen in the peak 
HRR, the time to flashover, and overall flame spread.  The factors that affect these 
aspects of the model are the geometry, the ignition source properties, and material 
properties from interior combustibles.  The geometry from the 2005 MQP train model 
was mostly correct, but the ignition source and some of the interior combustible materials 
did not have appropriate values for the input data.   
The original input file for the 2005 simulation did not use material property data to 
describe the behavior and HRR of the ignition source accurately.  The interior 
combustible materials included the carpet from the train and GRP lining of the train. The 
2005 MQP modeled the carpet and GRP in PYRO4 with a material surface area of 400 
cm2 instead of 100cm2. The most important shortcomings were that the GRP was 
modeled as a thermoplastic material instead of a charring material.  
2.3 Factors studied 
Based on Section 2.2, the factors that need to be studied and modified include: 
- Quantify the ignition source   (Section 3.1) 
- Define ignition source area in FDS  (Section 3.2) 
- Adjust ignition source geometry in FDS  (Section 3.2) 
- Model GRP in FDS using PYRO4  (Section 3.3) 
- Model carpet in FDS using PYRO4  (Section 3.3) 
- Compile all factors into full scale model  (Section 3.4) 
2.4 Background Information 
2.4.1 About The Model 
The geometry used in the 2005 FDS model corresponded with the experimental 
dimensions derived from a hybrid set of onsite and blue print measurements. Interior 
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combustible materials were modeled using known material properties and iterations 
performed in a separate PYRO4 model.  Virtual instruments were placed at the same 
location in the FDS model as in the actual experiment. Oxygen calorimeter tests were 
performed for one kilogram of crumpled newspaper to obtain a heat release rate curve for 
input of the ignition source in FDS (Barden, et al.). 
2.4.2 Fire Dynamics Simulator 
FDS is a computational fluid dynamics (CFD) model of fire-driven fluid flow 
created by the National Institute of Standards and Technology (NIST). The software 
numerically solves a form of the Navier-Stokes equations appropriate for low-speed, 
thermally driven flow with an emphasis on smoke and heat transport from fires. 
Smokeview is a companion visualization program that produces images and animations 
of the results provided by FDS simulations (McGrattan). 
2.4.2.1 Who uses FDS and when 
 
The main function of FDS is to solve practical fire problems in fire protection 
engineering, as well as providing a tool to study fundamental fire dynamics and 
combustion.  Fire protection engineers and fire researchers use FDS when trying to model 
low speed transport of heat and combustion products from fire; radiative and convective 
heat transfer between the gas and solid surfaces; pyrolysis, flame spread and fire growth; 
sprinkler, heat detector, and smoke detector activation; and sprinkler sprays and 
suppression by water (McGrattan). 
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2.4.2.2 Validity of Results 
 
Simple text files are saved in FDS and record global quantities like the fire’s heat 
release rate (HRR) that can be plotted using a spreadsheet program. To test for validity, a 
global quantity like the HRR curve from an FDS simulation can be checked with a HRR 
curve from an actual experiment. Smokeview is also used to check validity by visualizing 
the fire phenomena. In Smokeview one can analyze animated tracer particle flow, 
animated contour slices of computed gas variables, and animated surface data. 
Comparing flame sheets in Smokeview to flame sheets in an actual experiment also 
shows how accurate the fire is modeled. With the comparison of global quantities in FDS 
and visualization of flame sheets in Smokeview, one can determine how accurate the 
FDS simulation was modeled (McGrattan). 
2.4.2.3 Theoretical Basis for the Model 
 
The best way to distinguish any CFD model is its treatment of turbulence. The 
theoretical basis for FDS comes from an approximate form of the Navier-Stokes 
equations appropriate for low Mach number applications. The three major types of 
turbulence methodologies are Direct Numerical Simulation (DNS), Large Eddy 
Simulation (LES), and k-epsilon modeling. The computation for simulating turbulence in 
FDS can either be treated as a Direct Numerical Simulation (DNS) or as a Large Eddy 
Simulation (LES). DNS attempts to solve all time and spatial scales and as a result the 
solution is very accurate. In LES the large-scale eddies are computed directly and the 
sub-grid scale dissipative processes are modeled. The choice of DNS versus LES depends 
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on the objective of the calculation and the resolution of the computational grid 
(McGrattan). 
2.4.2.4 Large Eddy Simulation (LES) 
 
Large Eddy Simulation was first studied in the 1970s by atmospheric scientists 
and since that time has been used in many engineering fields. The basic idea of LES is to 
predict the motion of the large structures in the turbulent flow of a fluid. LES solves large 
scales of motion and models the small scales that are assumed to be universal. The 
Navier-Stokes equations are averaged in space and the irresolvable terms that are hence 
created, are modeled. Any turbulent flow simulation rendering small-scale motions as 
modeled approximations can be considered a large eddy simulation. Most large scale 
simulations done in FDS are large eddy simulations. (Barden, et al.). 
2.4.2.5 Direct Numerical Simulation (DNS)  
 
Direct Numerical Simulation is an exact method of solving the initial value 
problem for the motion of particles in fluids. The solution is very accurate but is 
unrealistic for use in most CFD problems because it is computationally unrealistic. It is 
computationally unrealistic because the computational domain must be extremely small 
to precisely calculate the governing fluid equations. The computation time and power to 
do so may be unreasonable for large scale simulations with today’s technology (Hassin). 
2.4.3 PYRO4 Program 
PYRO4 is a simple FDS simulation developed by NIST to test material fire 
behavior.  Its code is written to enable a sample with user-defined material properties to 
be heated via radiation that simulates the exposure in a cone calorimeter.  In the default 
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PYRO4 environment, the domain is a 40 cubic volume, where as the sample is a 
rectangular block of a homogeneous material with a cross sectional area of 20 cm x 20 
cm and a depth of 5 cm. A difference between an actual cone calorimeter and the PYRO4 
program is that the sample’s face with the material is arranged vertically, and not 
horizontally as in a cone calorimeter.  The conical heating source of a cone calorimeter is 
modeled as a square 40 cm2 plane arranged parallel to the material surface 10 cm away.  
The plane is prescribed with a wall temperature using the command TMPWAL. That 
command represents a certain radiative heat flux from the wall in fds environment. 
Different temperatures values input into the program are tested to approximate the correct 
heat flux needed.  In the default PYRO4 program, a heat flux gauge is placed at the 
center of the material being tested, and hence, flux tests to determine the correct 
temperature values were performed by comparing the heat flux on the surface of the 
material and temperature of the heating element.  Unlike an actual cone calorimeter, the 
PYRO4 program can easily be modified to reflect the sample and the testing environment.     
PYRO4 should be used whenever a material used in a FDS simulation can not be 
found in the established database.  Physical and thermal properties that best describe the 
material can be input into the PYRO4 program.  The model uses the prescribed 
parameters and simulates the burning of the material by employing the calculation 
methods described above.  FDS users should use the results generated by the simulation 
and compare with real data.  For simple materials, generally accepted parameters for a 
material might produce an accurate model.  But for more complex materials such as 
plastics and other charring materials, many of these parameters are not well defined and 
they might be functions of time, temperature, and even relative humidity.  For these 
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parameters, the PYRO4 model can be set up so that their values at certain temperature 
can be inputted and intermittent values linearly interpolated by the software.  However, 
this is not an accurate approach for material properties that change non-linearly with 
temperature. Caution must be taken so that the prescribed parameters give not only the 
desired results, but more importantly, truly describes the behavior of the burning material.  
PYRO4 cannot model a complex charring material realistically because the char is not 
homogeneous as it is represented in PYRO4. For example the cracks in the char layer of a 
material allow flame to penetrate through to the virgin layer can not be modeled using 
PYRO4.    
2.4.4 Glass Reinforced Plastic (GRP) 
Glass reinforced plastics (GRP) are used today in many industries for a vast 
number of applications. It is a name given to a variety of composites of plastic reinforced 
with embedded fine glass fibers.  GRP was first developed during the Second World War 
in Great Britain for the advancement of aircraft radomes and navy boats (Grenier, 7).  
Non-military usage for GRP started as materials for construction of ship hulls in the 
1950’s, and over the years the application for GRPs widened for use in structural 
components in aircrafts and land vehicles.  . 
Since there are a vast variety of GRPs with differing materials and plastic/glass 
compositions, the physical and thermal properties of GRP vary in a wide range.  Physical 
properties such as the density, strength, and appearance of GRP are dependent on the 
plastic/glass composition ratio, the types of glass and resin, and the curing agent used 
during molding.      
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Thermal properties such as, thermal conductivity, and specific heat can be 
estimated based on values of the respective materials and the compositions of the 
composite materials.  The thermal conductivity and specific heat also changes with 
temperature non-linearly, which added another obstacle to mathematically estimate the 
thermal properties. The only accurate way to determine these parameters would be to 
measure them as a specimen of GRP is being heated up.  These data, which could be 
useful in the PYRO4 GRP model was not readily available online or in the literature.  
The best way to obtain these data would be directly from the manufacturer for the GRP 
under concern, assuming that thermal properties testing were conducted and the results 
recorded.   
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3 Methodology  
This chapter outlines the procedures used to investigate the factors addressed in 
Section 2.3.  
3.1 Methodology of Ignition Source Experiments  
As discussed in Section 2.3, the ignition source required greater quantification 
based on experimental data.  The initial burn tests attempting to predict the ignition 
source used in the live full scale train fire displayed large discrepancies in peak HRR, 
time to peak HRR, peak flame height, and time to peak flame height.  In these initial burn 
tests no consideration was given to the density of the crumpled newspaper.  In order to 
quantify the impact of packing density three different densities were then used. The 
tightest packing density was made by crumpling individual sheets of newsprint as tight as 
possible by hand and filling a calibrated container with the paper to determine the packed 
volume. A loose packing density was arbitrarily chosen and a medium density was 
selected between the loose and tight packing densities. Figure 1 shows the calibrated 
container. For all densities 1 kg of newsprint was used.  
 
Figure 1 - Dimensions of rubbish bin and density levels 
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            In order to get a more accurate volume, water was filled to each height marked in 
the rubbish bin. The weight of the water was then recorded in kg. The tight, medium, and 
loose weights were 33.9 kg, 61.8 kg, and 75.9 kg respectively, which correspond to 
volumes of 34 L, 62 L, and 76 L respectively.   
            To replicate the ignition conditions in the full-scale train burn test a steel train seat 
shell was set up under the ISO 9705 calorimeter hood at the CSIRO campus in Highett, 
Victoria, Australia. The dimensions in the experimental setup were matched to the actual 
train.  The top of the seat back was placed 5 cm from the rear wall.  The seat was held in 
place 31 cm above the floor by two screws in the sidewall and a clamp attached to a ring 
stand so that the airflow under the seat was similar to that in the actual train.  Ceramic 
fiber blanket with a density of 128 kg/m^3 was used in place of an actual train seat 
cushion as thermal insulation. The blanket thickness was 13 mm per sheet and there were 
two layers on the seat back and three layers on the seat bottom. The ignition source – 1 
kg of crumpled newspaper – was then dispersed evenly under the seat in the corner as 
illustrated in Figure 2 - Experimental Setup.  
 
Figure 2 - Experimental Setup 
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None of the paper extended beyond the front or side of the seat or above the 
bottom of the seat.  The newspaper was ignited for about 7 seconds by a blowtorch[1]. 
The tests were videotaped and flame height and heat release rates were recorded.  
Eleven tests were conducted, varying in packing density and temperature and 
humidity conditioning of the newspaper.  Three tests were conducted with unconditioned 
loosely crumpled newspaper.  One test was conducted with unconditioned tightly 
crumpled newspaper.  Seven tests were conducted with medium crumpling; four 
unconditioned and three conditioned for 24 hours at 23°C ± 2°C and 50% ± 5% relative 
humidity. All tests were set up in accordance to Section 3.1.  
3.1.1 Trials 1-3 
Table 1 lists pertinent information regarding the set up of trials 1-3 
TRIAL CONDITIONED? PACKING Volume (L) Temperature C Relative Humidity (%)
1 No Loose 76 25 61.3 
2 No Loose 76 27 55.8 
3 No Loose 76 28 50 
Table 1 – Set up Information for trials 1-3 
The temperature and the humidity listed are the measurements taken at the time of 
the experiments. The values represent the temperature and humidity of the unconditioned 
newspaper used during each trial. The newspapers were arranged in accordance with the 
setup listed in Section 3.1. Appendix A contains a picture of the arrangement. The 
volume of each loosely packed newspaper sample was 76 L.  
3.1.2 Trial 4 
Table 2 lists pertinent information regarding the set up of trial 4. 
                                                 
[1] Sievert Powerjet 2135 handle with cyclone burner 8706 butane 
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TRIAL CONDITIONED? PACKING Volume (L) Temperature C Relative Humidity (%)
4 No Tight 34 29 47 
Table 2 – Set up Information for trial 4 
The temperature and the humidity listed are the measurements taken at the time of 
the experiments. The values represent the temperature and humidity of the unconditioned 
newspaper used during each trial. The newspapers were arranged in accordance with the 
setup listed in Section 3.1. Appendix A contains a picture of the arrangement. The 
volume of each tightly packed newspaper sample was 34 L. Upon further consultation 
with a witness present at the scene of the original test, it was determined that the tight 
packing density was not an accurate representation of the way the paper was packed on 
the day of the full scale live test. For this reason, only one test was performed.   
3.1.3 Trials 5, 6, 10, and 11 
Table 3 lists pertinent information regarding the set up of trials 5, 6, 10, 11. 
 
TRIAL CONDITIONED? PACKING Volume (L) Temperature C Relative Humidity (%)
5 No Medium 62 30 44 
6 No Medium 62 24 64.5 
10 No Medium 62 27 59 
11 No Medium 62 27 57.5 
Table 3 – Set up Information for trials 5, 6, 10, and 11 
The temperature and the humidity listed are the measurements taken at the time of 
the experiments. The values represent the temperature and humidity of the unconditioned 
newspaper used during each trial. Trials 5, 6, 10, and 11 were conducted with the 
medium packing, unconditioned newspaper.  The newspapers were arranged in 
 28
accordance with the setup listed in Section 3.1. Appendix A_contains a picture of the 
arrangement. The volume of each medium packed newspaper sample was 62 L.   
 
3.1.4 Trials 7-9 
Table 4 lists pertinent information regarding the set up of trials 7-9. 
TRIAL CONDITIONED? PACKING Volume (L) Temperature C Relative Humidity (%)
7 Yes Medium 62 24 66.1 
8 Yes Medium 62 24 65.8 
9 Yes Medium 62 26 61.1 
Table 4 – Set up Information for trials 7-9 
Trials 7-9 were conducted with medium packing, conditioned paper.  The 
newspaper volumes were 62L. The newspapers were arranged in accordance with the 
setup listed in Section 3.1. Appendix A contains a picture of the arrangement. The 
temperature and the humidity listed are the measurements taken at the time of the 
experiments. The temperatures and humidity listed Table 4 – Set up Information for trials 
7-9 do not reflect the actual temperature and relative humidity of the newspaper used 
because they are conditioned overnight at 23C and 50% humidity  
 
 
 29
3.2 Methodology of Ignition Source in FDS  
In order to adjust the ignition source area and geometry, as mentioned in Section 2.3, 
a model of only the ignition source area needed to be built.  The updated model contained 
a reclined seatback, unlike the simple straight seatback which was present in the previous 
full scale model.  The effects of this simplified geometry are greatest in the area around 
the ignition source.  The model was constructed to test various changes in the geometry.  
A series of simulations was conducted to determine ideal ignition area geometry. Factors 
in the ignition area that were experimented with were mesh size and the seatback. The 
seatback was set as slanted and strait up to test the effect of it on the flame height and 
heat release rate. The goal of the ignition tests was to closely match the live testing 
explained in Section 2.3.  Table 5 is a list of all ignition area simulations conducted. 
Simulation Name Mesh Size Run Time 
(s) 
Seat 
TrainIgnition1 1 @ 1 cm, 
5 @ 4 cm 
9  Reclined 
every 3 cm 
TrainIgnition2 1 @ 3 cm 128  Reclined 
every 3 cm 
TrainIgnition3 1 @ 2 cm 0  Reclined 
every 2 cm 
TrainIgnition4 1 @ 3 cm 30  Reclined 
every 3 cm 
TrainIgnition5 1 @ 3 cm 24  Reclined 
every 3 cm 
TrainIgnition6 1 @ 2 cm 34  Reclined 
every 2 cm 
TrainIgnition7 1 @ 1 cm, 
2 @ 4 cm 
149  Reclined 
every 2 cm 
TrainIgnition8 4 @ 1 cm, 
2 @ 4 cm 
28  Upright 
TrainIgnition9 4 @ 1 cm, 
2 @ 4 cm 
31  Reclined 
every 2 cm 
TrainIgnition10 4 @ 1 cm, 
2 @ 4 cm 
12  Upright 
Table 5 - Ignition Area FDS Simulations 
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Figure 3 shows TrainIgnition6, a sample of the ignition area model.  A sample FDS input 
file can be found in appendix B. 
 
 
Figure 3 - FDS Ignition Area Model 
  
The model contains only the northeast corner of the actual train with the ignition 
source placed on the floor in the corner. The seat above it is in correspondence with the 
actual train as well as the ignition source test fires discussed in Section 3.1 and shown in 
Figure 2. The distance from the back wall to the top and bottom of the seat back in the 
live ignition tests was 5 cm and 11.3 cm respectively. These distances were changed in 
the FDS model to 6cm and 12cm respectively. This was done so that the seat geometry 
would fit easily on a variety of grid sizes.  The north wall extends out to the west edge of 
the aisle.  The east wall extends to the back of the chair not pictured in front of it. The 
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domain of the model extends 1 meter out in each direction to allow for ample 
airflow.  All surfaces within the model were assigned material properties similar to steel 
except for the seat cushion.  This was done to limit the effect of other materials, such as 
the carpet and GRP, on the total HRR.  
The parameters for the ignition source in the FDS model were determined using 
the HRR data collected in the newspaper ignition source live test fires discussed in 
Section 3.1.  The ignition source was modeled in FDS as a VENT placed in the northeast 
corner of the model on the floor under the seat.  Designating the ignition source as a 
VENT is “a means of applying a particular boundary condition to a rectangular patch on 
a solid surface” (FDS Users Guide, McGratten).  As a VENT, the ignition source can be 
given a boundary condition that accurately reflects the ramping HRRPUA. In this case 
the ‘rectangular patch’ is the floor area occupied by the newspaper ignition source.  The 
dimensions of the ignition source were estimated from the placement of the crumpled 
newspaper under the seat and adjusted to fit on the coordinate grid of the FDS model 
without changing the total area of the ignition source.  The HRRPUA for the ignition 
source was determined by dividing the HRR data collected by the estimated area for all 
data points.  The maximum HRRPUA was used to define the ignition source.  The 
RAMP_Q function included in FDS was used to match the HRRPUA with respect to time 
in the FDS model to that of the actual burn test.  The ignition source parameters can be 
seen in the sample FDS input file in appendix B. 
Ignition source parameters based on experimental data were first used in 
TrainIgnition1.  This model was built on a 4 cm grid with a vertical seat back.  In 
TrainIgnition1 the seat back was reclined on a 3 cm grid.  A parameter included in FDS 
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was used to limit the effects of vorticity at the corners in this and all subsequent FDS 
models with a reclined seat.  A system of multiple abutted meshes was also implemented 
in TrainIgnition1.  A 1 cm mesh was used for the area inside the walls and around the 
seat.  Five 4 cm meshes were used as well, one for each of the following; the north wall, 
the east wall, the area in front of the seat, the area west of the seat, and the region from 
the drop ceiling up to the top of the roof.   TrainIgnition2 was constructed on a single 3 
cm grid with a reclined seatback.   
In TrainIgnition4 the ignition source ramp up function was adjusted in an attempt 
to correct the time to visible flame.  A small peak and trough were observed during 
experimental data collection before the major rise in HRR.  The small peak was added to 
the first 10 s of the ramp up and the trough, which had a negative HRR during the test 
fires, was represented as a HRR of zero.  This peak and trough were omitted in earlier 
simulations because they were assumed to be insignificant.   
Although the data collection apparatus accounts for a time delay from the sensors 
in the hood duct to the computer, it does not account for a time delay from the floor of the 
experimental setup to the sensors in the hood duct.  The ramp up for the ignition source 
HRR in TrainIgnition5 attempts to correct for this by beginning the simulation at the time 
the ignition source HRR begins to climb significantly.  The correction factor used in 
TrainIgnition5 was 17.5 s.  This eliminated the peak and trough represented in 
TrainIgnition4.  Mixture fractions of 0.01 kg/kg, 0.02 kg/kg, 0.03 kg/kg, 0.04 kg/kg, 0.06 
kg/kg, 0.07 kg/kg, and 0.08 kg/kg were added to TrainIgnition5 to visualize different 
flame sheets in Smokeview.   TrainIgntion13 used the same ignition source and 
isosurface parameters that were used in TrainIgnition5 on a 2 cm grid.   
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The simulation TrainIgnition7 was set up on a multiple mesh grid.  A 1 cm mesh 
was used around the ignition area, ranging from the floor to the ceiling, from the outside 
of the north wall to the south end of the geometry, and from the outside of the east wall to 
just west of the seat.  Two 4 cm meshes were used, one from the south edge of the 
geometry out 1 m and another from just west of the seat to 1 m past the west edge of the 
geometry.  In order to conserve computation time, the thickness of the north and east 
walls were reduced from 12 cm to 2 cm. 
In TrainIgnition8 the 1 cm mesh around the ignition area from TrainIgnition7 was 
divided vertically into four separate meshes.  This was done to reduce computation time 
when running the model on multiple processor computers.  In order to determine the 
effects of reclining the seatback, TrainIgnition8 was built with a straight seatback 6 cm 
from the wall.  TrainIgnition9 was built with a reclined seatback on the same mesh as 
TrainIgnition8.  TrainIgnition10 was built with a straight seatback 12 cm from the wall 
on the same mesh as TrainIgnition8. 
3.3 Methodology of Material Modeling 
Significant improvements to the material property sub-models needed to be made to 
the previous full scale simulation, as mentioned in Section 2.3.  The shortcomings of the 
material models used in last year’s full scale simulations, discussed in Section 2.2, were 
that the CHAR model was not implemented for the GRP material sub model, and the 
carpet sub model was simulated incorrectly with the wrong sample size. 
3.3.1 PYRO4 
Accurate material properties are essential in any FDS simulation.  To define a 
material in an FDS simulation the user must define a set of parameters that generally 
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includes heat of vaporization (HOV), heat of combustion (HOC), ignition temperature, 
etc.  Many of these values came from material testing performed with the cone 
calorimeter, but because of the simplicity of the FDS software, actual, accepted 
parameters may not generate the desired end results.  To bridge the gap between real data 
and computer simulation, PYRO4 was used model the materials to ensure that the 
computer simulation of the materials behave as though in real life. 
3.3.2 Material Modeling Procedure 
The GRP models generated from the 2005 project were reviewed and analyzed 
continuously throughout the duration of this effort.  The GRP model from last year was 
determined to be inadequate because the THERMOPLASTIC pyrolysis model was used 
in FDS instead of the CHAR pyrolysis model.  This greatly affected the behavior of the 
GRP sample in the simulated environment.  A thermoplastic model assumes a 
homogeneous material that burns at the surface (McGrattan, 54).  However, the GRP 
used in the train experiment used a thermoset resin and charred as it burned.  Hence it 
was more appropriate to model the GRP as a charring fuel that assumes a moving 
pyrolysis front in FDS that leaves behind charred material as it burns (McGrattan, 54).  
Charring material models need several more parameters than thermoplastic material 
models to describe the charred layer.  The lack of information and the complexity of 
burning charring fuel were two major problems to be addressed. 
As previously stated, the PYRO4 model simulates a cone calorimeter with a certain 
radiative heat flux by a prescribed wall temperature on the plane parallel to the material 
surface.  Simulations with different prescribed heat fluxes were performed to ensure that 
the sample receives the intended amount of radiative flux.  It was found that at 783°C the 
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heat flux to the surface of the sample is 35 kW/m2 and that at 881°C the flux is 50 kW/m2.  
The heat fluxes used for the models were chosen based on the train ignition simulations 
that showed the level of heat flux the components would be exposed to and the cone tests 
performed.  The GRP was modeled at 35 and 50 kW/m2, whereas the carpet was modeled 
at 25 and 35 kW/m2.  It was essential to model the materials at a heat flux that the 
materials will realistically experience in the simulated environment.  A GRP model at 35 
kW/m2 that corresponds well with the real cone data was changed to be exposed to a 50 
kW/m2 heat flux, yielding results which did not correspond well with the cone data at the 
higher heat flux.  It was assumed that the material properties prescribed for a good model 
would act as well in another model at a different flux.  This was unfortunately not the 
case and points to a limitation of the FDS program. 
Another shortcoming of the model that was not recognized until a fair number of 
iterations were performed was the dependence of the model on the sample area.  As 
previously mentioned, the default sample area used in the PYRO4 program is a 20 cm x 
20 cm square.  This area was used by last year’s models whereas the sample area tested in 
the cone calorimeter was a 10 cm x 10 cm square.  This problem was not recognized 
because the data from the simulation was being compared to the cone calorimeter with 
respect to the heat release rate per unit area (HRRPUA).  It was assumed that by simple 
arithmetic calculations the results from the simulations could be converted from heat 
release rate (HRR) to HRRPUA, and that the area would not be a factor.  This was 
proved wrong when a simulation with the incorrect sample area was changed to a 10 cm 
x 10 cm square and the results, when converted to HRRPUA, were not the similar to the 
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original results.  This led to additional iterations of the GRP model and to the remodeling 
of last year’s carpet model that was previously thought to be adequate for use this year. 
Material modeling process using PYRO4 is performed in an iterative process, 
where one or two parameters that describe the material are changed at a time. The HRR 
curve from each simulation was converted to a HRRPUA curve and compared to the cone 
data as well as the previous simulations.    A good model is one that appears similar to the 
actual HRRPUA curve from the cone data, with certain matching features.  The guide to 
modeling from last year’s project was studied but was found inadequate for this year.   
As the model evolved, new trends were observed where a change of a certain 
parameter would produce certain consequences in the HRR curve.  However, because of 
the complex nature of the burning of a charring fuel and the simplistic nature of the 
PYRO4 program, all of the parameters contribute to one or more change in the 
appearance of the HRRPUA curve.  Since most of the required parameters were not 
found in the literature, over 190 iterations for the GRP model and over 30 iterations for 
the carpet model were performed.  Many of the parameters were changed drastically over 
the course of the modeling process, however, some parameters, such as the density, the 
thickness, and the temperature of ignition were kept relatively constant because they were 
either recorded in the cone test (density, thickness) or were found in the literature 
(temperature of ignition).  This was done in order to keep the material models as close to 
realistic material property values as possible. 
3.3.3 Finding and Calculating Parameters 
The most important aspect of the PYRO4 material model was to prescribe suitable 
material property inputs that describe the material’s burning characteristics accurately.  
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Some of the most important parameters for the PYRO4 program were the HOC, HOV, 
temperature of ignition, etc.  These properties remain constant for a simple material and 
should be well-recorded.  Values for these parameters could generally be located in the 
handbooks or other reference literatures.  Other physical material properties, such as the 
density and thickness, were quite readily measurable.  It is recommended that these 
physical properties should not be modified in the modeling of the material with a large 
variation.  They may be changed to observe their effects on the model, but should be kept 
in a reasonable range of values. 
In addition to these independent material properties, PYRO4 also required other 
parameters that were dependent to temperature.  The thermal conductivity and the 
specific heat were the example.  These parameters usually were dependent on the 
temperature of the material, where their values were higher should the temperature 
increase.  However, the relationship between these variables and temperature was not a 
simple linear relationship, but a cubic or quadratic one.  The value of the parameter at a 
certain temperature must be prescribed directly in the input code, and the curve of the 
relationship between the parameter and temperature was estimated with a straight line 
between two points by the program.  For an accurate depiction of such a curve, as many 
data point as possible should be used to generate an appropriate curve, however this may 
not be feasible for a variety of reasons.  For example, data may not be readily available 
for the FDS users, and also the more information prescribed in the program may cause 
the software to encounter faults easily because of the additional constraints in the 
calculations.      
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In the modeling of the GRP and carpet, addition problems were encountered.  The 
GRP and carpet were composite materials that had heterogeneous material properties.  
This would cause a large uncertainty in all the parameters because PYRO4 assume a 
homogeneous material.  Furthermore, the exact composition of these two materials was 
not known and so accurate data may not be found in the literature, values for similar 
materials were often used.  The specific heat for the GRP at room temperature was 
calculated for a 60% polyester and 40% glass fiber using typical values and assuming that 
the specific heat variable is additive within the two materials.  The thermal conductivity 
of the GRP at room temperature was measured at CSIRO.  Unfortunately, again, only the 
room temperature values were used.  For the values at elevated temperature estimations 
based on the appearance of the curves for generic plastic and glass were used.  For a 
charring fuel there require more material property inputs than thermoplastic fuel. 
The burning of a charring fuel is more complex and the FDS program requires the 
thermal conductivity and specific heat information about the char layer for which data 
were not available.  Their values were all based on estimations, but within physical 
constraints such that the char layer’s thermal conductivity must be lower and the specific 
heat higher than that of the virgin material.  This configuration characterized the char as a 
layer to be hard to heat up because more heat is needed but also it did not conduct heat as 
well.  Based on these rules, reasonable estimations could be made and for a combination 
of property data, the user may be able to define a material suitably.   
3.3.4 Characteristics of the HRRPUA Curve 
For each HRRPUA curve produced by the material modelling simulation, an 
analysis must be performed to determine whether the simulation reflects the actual 
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material being modelled.  The simulation HRRPUA curve must be compared to the actual 
HRRPUA curve from burn tests in a cone calorimeter.  Since the simulation HRRPUA 
curve can not resemble the actual HRRPUA curve exactly, certain key features in the 
curve must be identified for the comparison.  Based on the information from the previous 
modelling study, a set of characteristics were chosen as the criteria for the comparison.  
These characteristics are unique to the charring material models for the GRP and carpet 
used in this study.  
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Figure 4 - GRP HRRPUA curves at various radiative fluxes 
3.3.4.1 Double Humps 
A defining characteristic of the HRRPUA curve of a charring material was 
dubbed the “double humps”.  This characteristic resembles the humps of a camel, but 
with a higher first peak and a lower second peak.  This characteristic represents the 
formation of a char layer on the surface of the burning material.  As the material ignites, 
the HRRPUA experiences exponential growth which caused the first peak.  The char 
forms shortly thereafter and lowers the HRRPUA creating a trough following the first 
 40
hump.  As the material continues to burn, heat is conducted through the char layer, and 
once the virgin material under the char layer reaches ignition conditions, it burns, raising 
the HRRPUA again.  This forms the second peak, which is quickly lowered to the end of 
the burn. 
This characteristic was chosen for comparison because of its importance in the 
flame spread of the full simulation.  The timing of the first exponential growth and then 
the decay of the GRP and carpet contribute greatly to the flame spread timing of the full-
scale train model.  For each simulation, the time of occurrence and the duration of the 
humps in the HRRPUA curve were compared to the actual HRRPUA curve at the 
corresponding radiative heat flux level.  It was decided that the difference between the 
simulation and actual timing must be less than 5 seconds to be sufficient.   
3.3.4.2 HRRPUA Value 
The value of the HRRPUA curve was also a major concern in the determining a 
suitable material model.  For the same radiative heat flux and sample size, the HRRPUA 
value of the simulation should be similar to the cone data for each point in time.  A 
higher HRRPUA value denotes a faster HRR by the sample, where as a lower HRRPUA 
value underestimate the heat being released.  Both are undesirable, suggesting that the 
model does not represent the burning sample accurately.  In the current study, the 
HRRPUA value at the two peaks was determined to be most significant in the curve and 
had to be matched in order to define a suitable model. 
3.3.4.3 Burn Time 
The burn time of the material is another contributing factor in the determination 
of the most suitable material model for carpet and GRP.  Based on the study from this 
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and the previous year, the total burn time of the material can not be easily controlled.  It 
is possible to change the material parameters such that the simulated material burn time 
would match that of the actual cone data, however, this change would most likely result 
in inadvertent changes to the timing of the two humps and HRRPUA value.  The burn 
time of both the carpet and GRP exceeds 300 s even at the highest radiative heat flux 
tested.  The burn time was not considered as significant as the double humps or 
HRRPUA value because its effect is more prominent at the end of the burning of the 
materials, well after the preflashover period of time considered most important in this 
project.   
3.3.4.4 Total Heat Released 
The total heat released by the material was deemed a very significant factor for an 
accurate material model in the previous project.  However, in the current study, the total 
heat released was determined to have a less significant role in the overall flame spread in 
the early stages of fire leading up to flashover.  It was found for both the carpet and GRP 
material modeling that if the total heat released must be matched while keeping the 
timing of the two humps accurate, the HRRPUA value of the whole curve will be raised.   
For the GRP to have the total heat released at the right level is to shorten the burn time 
and heighten the overall HRRPUA value.  This was caused by an unreliable matching of 
the curve after the point of decay following the second hump.  This appears to be a 
shortcoming of the FDS program in material modeling.  Because the focus of the project 
is the flame spread in the early stages to flashover, the total heat released of the material, 
which appears to be important primarily after the second hump and well past the time of 
flashover, was not considered as a major deciding factor. 
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3.3.5 Changing Parameters 
The essence of material modeling using the PYRO4 program in FDS was to 
define a material’s properties and generate a HRRPUA curve that resemble the cone data 
of an identical material under identical conditions.  Material properties such as heat of 
combustion, density, thermal conductivity, and specific heat are well defined for some 
materials, however, inputting these values directly into the simulation would generally 
not produce an “accurate” representation of the material.  Because of the complexity of 
the burning phenomenon, the limitations of the mathematical relations describing these 
phenomena, and computer constraints, the current generation of PYRO4 program is not 
yet capable of modeling a material accurately.  For complex, charring materials, 
additional input parameters that are often not well recorded and the limitations of the 
PYRO4 program render the material modeling procedure a lengthy game of trial and 
error.  Material parameters were changed from one simulation to the next to determine 
their effects on the overall model until an optimal material model based on engineering 
judgment was determined.    
3.3.5.1 HOC and HOV 
The heat of combustion (HOC) and heat of vaporization (HOV) values defined in 
the PYRO4 input files of the materials had a large impact on the shape and the value of 
the HRRPUA curves.  Increasing the HOC would give a HRRPUA curve with higher 
overall values, while lowering the HOV generally lower the HRRPUA values.  It was 
observed that modifying these two parameters would unanimously cause the second 
hump on the curve to become less distinct from the smoothed out trough between the 
humps.  It is recommended that generally accepted values in published works be used 
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during the initial attempts of modeling a material.  The HOC and HOV should be 
changed in subsequent iterations after the timing of the curve is close to the desired 
timing, mainly to improve the values of the HRRPUA curve.   
3.3.5.2 Specific Heat  
Values of the specific heat of the virgin material and of the char material affect 
mostly the timing and value of the HRRPUA curve up to the first hump and after the 
second hump.  The specific heat of a material describes how fast the material heats up.  
Given a virgin material and its char material of unknown composition, this fact was 
important in that the specific heat of the char layer must be greater than the virgin 
material.  This is done to insure that the char layer acts as a thermal barrier in FDS, 
requiring more energy to heat up hindering the heat transfer into the virgin material.  
Even though the specific heat of the char layer was not known, this preserves the physics 
of the charring material phenomenon. 
The specific heat of the virgin material is related to the timing and the value of the 
first hump such that an increase would produce higher HRRPUA, a delay in its 
occurrence, and a drop of its duration.  An increase of the char layer’s specific heat 
lowers the HRRPUA of the first peak but not its timing.  Interestingly, an increase in 
either of the specific heat value would decrease the HRRPUA from the end of the second 
hump to the end of the burn.  Modifying the value of the specific heat value of these 
materials at elevated temperature is then be useful in creating a “tail” for the HRRPUA 
that matches with experimental data. 
 44
3.3.5.3 Thermal Conductivity 
Another notable thermal material property that must be taken into consideration 
when improving a charring material model is the thermal conductivity of the virgin and 
char materials.  Similar to specific heats, thermal conductivities vary with temperature 
and these mathematical relations were not known.  Hence, the values of the thermal 
conductivities of the virgin and char layers in the FDS input file must be assumed based 
on sound engineering judgment.  Since the thermal conductivity of a material describes 
how well a material conducts heat, the char layer should have a lower thermal 
conductivity value than that of the virgin material.  With this configuration, the char layer 
is viewed as a thermal barrier that hinders the heat flow into the virgin material, again 
preserving the physics of the problem. 
 The thermal conductivities of the materials had a great impact overall on the 
HRRPUA curve and should be one of the first parameters to be investigated in any 
material modeling problem.  It was determined through experimentation with the 
simulations that the prescribed values of the thermal conductivity at lower temperature 
had greater effects at the first hump, whereas the values at elevated temperatures had 
greater effects at and after the second hump.  The change in thermal conductivity may 
result in changes to the HRRPUA value, the timing, and the burn time.  The effects of the 
parameter are summarized in Appendix C.  
3.4 Methodology of Full Scale Models in FDS 
The full scale FDS model used in this study was based upon a previous full-scale 
passenger train car model.  The previous full-scale model was built with a simplified 
geometry based upon standard passenger train car dimensions in accordance with Section 
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2.3.  Dimensions for the full scale model, including the location of the instrumentation, 
can be found in Appendix D.  The instrumentation, based upon that of the live burn test, 
was left largely intact.  The major components of the train car geometry were not 
significantly altered from the previous model, except for the seat geometry above the 
ignition source which was altered in accordance to Section 3.2.  The improved ignition 
source area specifications as well as the refined GRP and carpet material models were 
implemented in the updated full-scale model. 
The full-scale passenger train car fire simulations are larger and more complex 
simulations than the ignition source area simulations discussed in Section 3.2.  As such, 
powerful multi-processor computers were used to run the full scale simulations.  
Simulations were run on CSIRO’s Cherax UNIX server and WPI’s Toth Linux server, 
often taking several weeks to complete a few hundred simulation seconds.   
When using multi-processor computers with FDS, the model is separated into 
several geometric regions, called grids or meshes, which are subdivided into the three 
dimensional Cartesian cells used to perform the numeric simulation.  Each mesh is 
assigned to a specific processor, which performs the calculations for that mesh.  
Information is passed between grids, and processors, using a Message Passing Interface 
(MPI).  In order to use FDS with MPI support on any computer server, the source code of 
the FDS program must be modified according to the configurations of the server.   
 In order to implement the updated ignition area geometry, the grid setup for the 
entire train car was adjusted.  The previous model used two 6 cm meshes, one for the 
north half and one for the south half of the train car.  Several simulations were run with 
various changes to the grid setup in order to determine the impact various mesh 
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arrangements have on the virtual memory demands, computation time, and final results of 
the full scale simulations.  The optimal grid setup used for all the full scale simulations, 
except where noted, contains four meshes.  Two 2 cm meshes are used for the ignition 
source area.  The two meshes abut in the middle of the aisle and extend approximately 1 
m into the train car from the north end cap.  A 4 cm mesh spanning the width of the train 
car extends for the next 4 m down the aisle.  The rest of the train car is contained in a 
single 8 cm mesh.  Each mesh contains approximately 500,000 cells.  The GRP and 
carpet properties determined in the material models were then implemented in the full 
scale model.  Simulations were also run to determine which materials within the model 
had the greatest contribution to the growth of the fire in the simulation.  Table 6 is a list 
of the full scale train car simulations conducted. 
Simulation 
Name 
Run 
Time (s) 
GRP 
Model 
Carpet 
Model 
Simulation Notes 
Train1 30 2005 Model 2005 Model New ignition area and grid setup 
Train2 30 GRP_75 2005 Model GRP model updated 
Train3 70 GRP_153 2005 Model Removed heat gauges and pressure 
probes, GRP model updated 
Train4 26 GRP_153 2005 Model No 8 cm mesh at southern end  
Train5 37 GRP_153 2005 Model All meshes overlap 
Train6 33 GRP_153 2005 Model 2 cm meshes span width of carriage 
Train7 45 STEEL 2005 Model GRP properties set to steel 
Train8 43 STEEL STEEL All material properties set to steel 
Train9 38 STEEL STEEL GRP and carpet properties set to steel
Train10 96 GRP_185 Carpet 4 GRP and carpet models updated 
Train11 104 GRP_185 Carpet 20 Carpet model updated 
Train12 242 GRP_185 Carpet 20 GRP as OBST instead of VENT 
Table 6 - Full Scale Simulations 
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4 Findings  
4.1 Ignition Source Newspaper Test Data 
For all trials, data that was collected under the ISO 9705 calorimeter hood at the 
CSIRO campus in Highett, was analyzed for specific information. The peak HRR, Total 
HRR, and time to peak HRR was the data collected regarding the size of the fire. The full 
scale live train test video shows information about the flame itself. It yields information 
about flame height reaching above the seat and flame height reaching the ceiling (2.0 m). 
Sections 4.1.1 - 4.1.5 describe the values obtained from each test.  
4.1.1 Trials 1-3 
Table 7 lists important information about the results of trials 1-3.  
Trial PEAK HRR (kW) 
TIME TO PEAK 
HRR (s) 
TOTAL HR 
(kJ) 
PEAK FLAME 
HEIGHT (m) 
TIME TO 
PEAK (s) 
TIME TO 
2.01m (s) 
1 183 65 14700 2.3 43 35 
2 139 70 16000 2.2 29 27 
3 139 80 14600 2.3 53 44 
Table 7 - Results from Trials 1-3 
The averaged heat release rate and total heat release rate for trial 1-3 were 154 
kW and 15.1 MJ respectively. The average peak flame height reached 2.3 m in an 
average of 42 seconds.  
Figure 5 shows the HRR of trials 1-3 vs. time. 
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Figure 5 - HRR vs Time 
4.1.2 Trial 4 
Table 8 lists important information about the results of trial 4.  
Trial PEAK HRR (kW) 
TIME TO PEAK 
HRR (s) 
TOTAL HR 
(kJ) 
PEAK FLAME 
HEIGHT (m) 
TIME TO 
PEAK (s) 
TIME TO 
2.01m (s) 
4 75.8 75 14300 1.4 43 N/A 
Table 8 - Results from Trial 4 
The peak heat release rate (75.8 kW) and peak flame height (1.4m) are both very 
low compared to the data obtained from the other 10 ignition source experiment.  The 
flame height did not reach the ceiling height.  
Figure 6 shows the HRR of trial 4 vs. time. 
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Figure 6 - HRR vs Time 
 
4.1.3 Trial 5, 6, 10, and 11 
Table 9 lists important information about the results of trials 5, 6, 10, and 11. 
Trial PEAK HRR (kW) 
TIME TO PEAK 
HRR (s) 
TOTAL HR 
(kJ) 
PEAK FLAME 
HEIGHT (m) 
TIME TO 
PEAK (s) 
TIME TO 
2.01m (s) 
5 120. 45 14500 1.9 23 N/A 
6 116 40 14800 1.7 21 N/A 
10 148 50 14500 2.2 27 24 
11 143 65 15900 2.4 44 26 
Table 9 - Results from Trials 5, 6, 10, and 11 
The averaged peak heat release rate was 132 kW and the averaged total heat 
release was 15 MJ.  In trials 5 and 6, the flame did not rise above 1.9 m. Therefore the 
flame did not reach the false ceiling at 2 m in trials 5 and 6. In trials 10 and 11, the flame 
reached the 2 m mark on average at 25 s. Based on the initial flame height measurements 
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from the full scale live test, the time for the flame height to reach 2 m corresponds to the 
time it took for the flame height to reach 2 m in the full scale live test. 
Figure 7 shows the HRR of trials 5, 6, 10, and 11 vs. time 
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Figure 7 - HRR vs Time 
4.1.4 Trials 7-9 
Table 10 lists important information about the results of trials 7-9 
Trial PEAK HRR (kW) 
TIME TO PEAK 
HRR (s) 
TOTAL HR 
(kJ) 
PEAK FLAME 
HEIGHT (m) 
TIME TO 
PEAK (s) 
TIME TO 
2.01m (s) 
7 113 55 12900 1.7 25 N/A 
8 132 40 15200 2.4 17 14 
9 129.2 45 14274 2.4 21 17 
Table 10 - Results from Trials 7-9 
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The average peak heat release rate for these trials was 125 kW and the total heat 
release was 14 MJ.  Only trial 7 had a flame height that did not reach 2 m during the 
experiment. The other two trials had flames that reached 2.4 m.  The reason why results 
obtained from trial 7 yielded a lower total heat release could be because the experiment 
may have been stopped too soon. 
Figure 8 shows the HRR of trials 7-9 vs. time. 
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Figure 8 - HRR vs Time 
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4.1.5 Trials 5-11 
Table 11 lists important information about the results of trials 5-11 
Trial PEAK HRR (kW) 
TIME TO PEAK 
HRR (s) 
TOTAL HR 
(kJ) 
PEAK FLAME 
HEIGHT (m) 
TIME TO 
PEAK (s) 
TIME TO 
2.01m (s) 
5 120. 45 13900 1.9 23 N/A 
6 116 40 14600 1.7 21 N/A 
7 113 55 12900 1.7 25 N/A 
8 132 40 15200 2.4 17 14 
9 129 45 14200 2.4 21 17 
10 148 50 13400 2.2 27 24 
11 143 65 15300 2.4 44 26 
Table 11 - Results from Trials 5-11 
Trials 5-11 encompass all of the medium packing newspaper experiments.  The 
average peak heat release rate was 129 kW and the average total heat release was 14.3 
MJ.   Out of the seven trials, only four fires had flames that reached the 2.01 m mark (two 
for unconditioned and two for conditioned).  Results yield that a medium packed 
newspaper fire will reach 2.01 m. The average time to 2.01 m was 20 seconds.  Data 
collected for this packing density matches data from the actual fire more closely than 
other packing densities.   
Figure 9 shows the HRR of trials 5-11 vs. time. 
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Figure 9 - HRR vs Time 
 
4.1.6 Ignition Source Trends 
The results show that there is little correlation between peak HRR and sample 
conditioning.  There was however, a significant correlation between the packing density 
of the newspaper fuel source and the peak HRR.  The looser the newspaper is crumpled, 
the higher the peak HRR.   This linear trend can be seen in Figure 10.  
The packing density of newspaper can have a relatively large impact on the peak 
HRR and flame height.  Research using crumpled newspaper as an ignition source for fire 
tests needs to report the packing density if the results are to be reproduced.   
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Figure 10 - Peak HRR vs. Volume 
 
4.2  Ignition Source Area FDS Simulations  
Using an isosurface with a mixture fraction of 0.05 kg/kg, no flame is seen in the 
model TrainIgnition7 until 22 s, with the flame reaching the ceiling at 32 s.  Although the 
HRR data matched experimental data, fire growth in Smokeview did not accurately 
match the test fires.   The model TrainIgnition1 failed 9 s into the simulation due to 
numerical instability.  This error was probably a result of large discrepancies in the 
number of cells in each mesh coupled with non-cubic mesh shapes. 
Using an isosurface with a mixture fraction of 0.05 kg/kg, no flame is seen in the 
model TrainIgnition2 until 22 s, with the flame reaching the ceiling at 35 s.  Although 
flames first appeared several seconds late in the simulation, the fire growth was more 
consistent with laboratory tests than previous models.   
In TrainIgnition4 visible flame is seen at 22 s when using an isosurface with a 
mixture fraction of 0.05 kg/kg.  Because the time to visible flame is the same as that in 
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previous simulations, the peak and trough can truly be considered insignificant.  The peak 
and trough was most likely a result of an initial surge in oxygen through the cone hood 
caused by the upward flow established by the fire. The only difference between 
TrainIgnition4 and previous simulations is a slight difference in the early stages of the 
HRR curve due to the changes in the ramp up of the ignition source HRR.  The 
simulation was not run long enough for flame to reach the ceiling.  Table 12 lists the 
results of the ignition source area simulations conducted in FDS. 
Simulation Name Run 
Time 
(s) 
Time to 
Visible 
Flames (s) 
Time to 
Flames above 
Seatback (s) 
Time to 
Flames at 
ceiling (s) 
TrainIgnition1 9.2 N/A N/A N/A 
TrainIgnition2 128.0 22 30 35 
TrainIgnition3 0.0 N/A N/A N/A 
TrainIgnition4 29.6 22 N/A N/A 
TrainIgnition5 23.6 4.5 12 19 
TrainIgnition6 34.4 4.5 12 17 
TrainIgnition7 149.2 3.5 11 21 
TrainIgnition8 28.4 4.8 16 25 
TrainIgnition9 30.8 4.8 13 N/A 
TrainIgnition10 12.0 4.8 N/A N/A 
Table 12 - Ignition Source FDS Simulations Results 
In TrainIgnition5, using an isosurface with a mixture fraction of 0.05 kg/kg, flame 
is first visible at 4.5 s and reaches the ceiling at 19 s.  This is consistent with the previous 
simulations after the 17.5 s time delay is taken into account.  The time to visible flame 
and time to ceiling were similar for an isosurface with a mixture fraction of 0.06 kg/kg.  
For the isosurface with a mixture fraction of 0.05 kg/kg the time to visible flame was 4.5 
s, the same as TrainIgnition5.  The time to ceiling, however, was 17 s in 
TrainIgnition6.  For the 0.06 kg/kg mixture fraction isosurface the time to visible flame is 
also 4.5 s, with a time to ceiling of 20 s.  The flame sheet visualized at a mixture fraction 
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of 0.05 kg/kg most accurately mimicked the fire growth from the burn tests discussed in 
Section 3.1.  This is also the mixture fraction value suggested by the FDS Users Guide.  
Visible flame is first seen at 3.5 s in TrainIgnition7 with a mixture fraction 0f 0.05 
kg/kg.  The flames reach the ceiling at 21 s. Flame is first visible in TrainIgnition8 at 5 s 
and reaches the ceiling at 25 s using an isosurface with a mixture fraction of 0.05 kg/kg.  
In TrainIgnition9 flame is first visible at 5 s using an isosurface with a mixture fraction of 
0.05 kg/kg.  Flames were not seen at the ceiling using Smokeview.   
4.3 Material Modeling Results 
Results and discussion of the outcomes of the PYRO4 GRP and carpet material 
models can be found in Sections 4.3.1 and 4.3.2.  Many iterations were performed in 
order to obtain suitable material properties in FDS.  The final PYRO4 data for the GRP is 
from iteration 185.  The final PYRO4 data for the carpet is from iteration 20. Section 
4.3.3 will discuss the reasons for any discrepancies between the cone calorimeter data 
and the PYRO4 data. 
4.3.1 GRP 
Figure 11 shows the HRRPUA of the 0.01 m2 sample of GRP at 50 kW heat flux 
for the cone calorimeter test and the PYRO4 model. 
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Figure 11 - HRRPUA of GRP cone data vs. PYRO4 model 
  
The PYRO4 model, represented in red, very closely resembles the cone 
calorimeter data, represented in blue.  Comparison between the model and the cone data 
is primarily concerned with the first 2 minutes of the simulation, the time period leading 
up to flashover. The first 2 minutes of the PYRO4 model and cone calorimeter data, as 
illustrated in Figure 11, match quite well. The main features of the cone calorimeter curve 
that needed to be matched were the peak value and time to first hump, the peak value and 
time to second hump, the total heat released, and the time at rapid decay. The peak of the 
first hump is 23 kW/m2 higher than the cone data and occurs 7 seconds earlier. The peak 
of the second hump is 2 kW/m2 higher than the cone data and occurs only 1 second 
earlier.  The total heat released per unit area of the GRP sample from the cone 
calorimeter data is 0.37 MJ and the total heat released per unit area of the PYRO4 model 
is 0.41 MJ. The time at rapid decay of the cone calorimeter data and the PYRO4 model is 
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nearly identical. The total burn time of the cone calorimeter data is greater than the 
sampling time of 355 seconds. The total burn time for the PYRO4 model is 189 seconds.  
4.3.2 Carpet 
 Figure 12 shows the heat release rate per unit area of the 0.01 m2 sample of carpet 
at 35 kW heat flux for the cone calorimeter test and the PYRO4 model. 
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Figure 12 - HRRPUA of Carpet cone data vs. PYRO4 model 
 
 The PYRO4 model, represented in red, very closely resembles the cone 
calorimeter data, represented in blue. Comparison between the model and the cone data is 
primarily concerned with the first 2 minutes of the simulation, the time period leading up 
to flashover. The first 2 minutes of the PYRO4 model and cone calorimeter data, as 
illustrated in Figure 12, match quite well. The main features of the cone calorimeter curve 
that needed to be matched were the peak value and time to first hump, the peak value and 
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time to second hump, the total heat released, and the time at rapid decay. The peak of the 
first hump is 17 kW/m2 lower than the cone data and occurs 5 seconds earlier. The peak 
of the second hump is 15 kW/m2 higher than the cone data and occurs 93 seconds later.  
The total heat released per unit area of the GRP sample from the cone calorimeter data is 
0.48 MJ and the total heat released per unit area of the PYRO4 model is 0.61 MJ. The 
total burn time of the cone calorimeter data and the PYRO4 model is greater than the 
sampling time of 500 seconds. The carpet model is not as similar to the cone data as the 
GRP model, however, the beginning stages of the fire match well enough for the carpet 
model to be acceptable.  
4.3.3 Discrepancies Between Simulated and Actual Data 
There are a few reasons why the PYRO4 model could not perfectly replicate the 
cone data. One reason is because the char model that PYRO4 uses is fairly new and 
greatly simplifies the charring process. Another problem is that in a live test, the thermal 
properties are related to the temperature and HRR, however this relationship is non-linear. 
PYRO4 is only capable of making linear relations between these parameters. Although 
this can be compensated for by using small line segments, it still can not replicate the 
actual burn. In order to simulate the cone calorimeter data more closely, a more in depth 
pyrolysis model would have to be used that included more information such as thermal 
properties of virgin material and char properties at elevated temperatures. Until a new 
generation of char models become available that give the option of inserting this 
information, creating an exact replica of the cone calorimeter data will be nearly 
impossible.  For example, in order to make the trough between the first and second 
humps in the char model, engineering judgment can be used by adjusting the char density, 
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specific heat, and char thermal conductivity. Adjusting these parameters can create a 
lower or higher trough.  In doing this, however, they also impact the burn time, and peak 
HRR. A simplified model was not acceptable to model the materials exactly, however the 
model was sufficient enough to yield very close results as seen in Sections 4.3.1 and 4.3.2. 
4.4  Full Scale Simulations 
 The full scale passenger train car fire simulations often took several weeks to run 
to completion.  Many of the simulations, however, never reached completion due to 
several computer errors.  A number of the full scale simulations testing grid setups failed 
from numerical instability, when a value within the simulation changes too rapidly for the 
value to be realistic.  This can be avoided by using a grid setup where the number of cells 
in each mesh is similar and the number of cells being passed between the borders of 
meshes of different sizes are simple multiples of each other (i.e. 1, 2, 4 or 1, 3, 9).  
Several simulations crashed when the virtual memory was overloaded 30 s into the 
simulation.  This was cause by a line in the FDS input file from the previous modeling 
attempt causing a core memory dump at 30 s.     
Simulation Run 
Time (s) 
Flames at  
Ceiling (s) 
Peak HRR 
(MW) 
Time to Peak 
HRR (s) 
Time to 
Flashover (s)
Train1 30  12  0.8  30  N/A 
Train2 30  11  13.3  30  22  
Train3 70  10  10.2  61  55  
Train4 26 11  0.6  26  N/A 
Train5 37  11  1.3  37  N/A 
Train6 33  11  1.0  33  N/A 
Train7 44  11  1.2  44  N/A 
Train8 43  20  0.1  42  N/A 
Train9 38  8  0.2  38  N/A 
Train10 96  10  11.7  53  45  
Train11 104  13  9.2  63  60  
Train12 242  15  6.1  119  115  
Table 13 - Full Scale FDS Simulation Results 
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 Even though most simulations did not run to completion, several ran long enough 
to predict a sufficient amount of the initial fire growth for a comparison to be made to 
both the previous model and the live fire.  The results of these simulations are presented 
in Table 13.  The HRR data for many of the simulations is presented in Figure 13. 
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Figure 13 - Full Scale Model HRR Comparison 
    
 Although Train1 only ran for 30 s, it achieved a relatively low peak HRR of 0.8 
MW. The flames in Smokeview first reached the ceiling only 12 s into the simulation.  
Flames reached the ceiling in Train2 at a similar time of 11 s while the peak HRR was a 
much higher 13.3 MW.    Train2 ran for 30 s and achieved flashover remarkably early at 
22 s.  Train3 ran for 70 s and it reached a peak HRR of 10.2 MW at 61 s. Train3 reached 
it’s peak HRR six seconds after flashover.  Train4, Train5, Train6 and Train7 all had 
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visible flames reach the ceiling 11 s into the simulation and relatively low peak HRRs of 
0.6 MW, 1.3 MW, 1.0 MW, and 1.2 MW respectively.  Train8 ran for 43 s. Train9 ran for 
38 s. They both achieved extremely low peak HRRs in a similar amount of time. Flames 
for Train8 and Train9 reached the ceiling at drastically different times of 20 s and 8 s, 
respectively.  Flames first appear at the ceiling 10 s into Train9 with a peak HRR of 11.7 
MW at 53 s.  Train9 ran for 96 s and achieved flashover at 45 s.  Train10 ran for 104 s 
with flashover occurring at 60 s. Flashover for Train10 occurred very close to the 9.2 
MW peak HRR which was reached at 63 s.  Flames reached the ceiling at 13 s.   
Train12 was the longest running full-scale simulation at 242 s with flames visible at 
the ceiling 15 s into the simulation.  Flashover occurred at 115 s, slightly before the peak 
HRR of 6.1 MW at 119 s. Train12 was used as the final full scale simulation and visual 
evidence from smokeview was comparable to the actual full scale fire test.  Train12 
yielded a lower peak heat release rate occurring later than in the previous model as shown 
in Figure 14.  Visual evidence from the full-scale live tests indicated flashover occurring 
at 140 s. The 2005 MQP concluded flashover occurred at 100 s. The updated model 
indicates flashover occurring at 119 s. Oxygen deprivation in the full-scale live test led 
the windows to break out at about 190 seconds. For the updated model, the windows first 
break out at approximately the same time as illustrated in Figure 14.  The FDS input file 
for Train12 is shown in Appendix G. 
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Figure 14 - HRR of Full Scale Train FDS Model 
 
4.4.1 Thermocouple Data Analysis 
In addition to the inherent results such as mixture fractions and HRR collected by 
the FDS program, the models were also set up to output temperature data.  The simulated 
thermocouples were placed in the model according to the location of the actual 
thermocouples used in the experiment.  Thermocouple trees were mounted on the walls, 
windows, in the doorways, and along the center of the aisles to give the researchers data 
that described the conditions of the whole train carriage in the experiment.  The 
arrangement of the thermocouples can be found in Appendix D.  The thermocouples on 
the trees were arranged vertically downward from the ceiling of the train so that adequate 
information regarding the ceiling jet, smoke layer, and flame spread through the train 
could be gathered.  In the actual experiment, the temperature data were collected up to 
1600 seconds and could be found in Appendix H.  However, since the final simulation 
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ran to 242 seconds, comparisons of the simulated data and actual data were preformed up 
to 800 seconds which would provide some insight into the accuracy of the model. 
 Thermocouple tree Rake A was located 1 m away from the north wall in the 
center of the aisle in the train. There are two thermocouples on the tree Rake A, one 
located 5 cm below the drop ceiling (A1), and one at 100 cm above the floor (A2).  The 
data collected in the simulation and the experiment for each of these virtual and actual 
thermocouples is presented in Figure 15 and Figure 16, respectively.  Both temperature 
curves recorded by the simulated thermocouples exhibit values lower than that of the 
actual values.  The time at which the temperature grew exponentially also occurred 
earlier in the simulation than that in the experiment, indicating an earlier flashover that 
happened in the FDS model.  Both simulated temperature curves correlate quite well with 
the experimental data, but in the case of the actual A2 thermocouple, a sudden rise in 
temperature at 160 s was not reflected in the simulated data.  
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Thermocouple Rake 'A' TC 1 - CSIRO vs. FDS
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Figure 15 - Thermocouple A1 
 
Thermocouple Rake 'A' TC 2 - CSIRO vs. FDS
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Figure 16 - Thermocouple A2 
 Thermocouple tree Rake B contained 9 sensors and was located 2 m south of 
Rake A.  The first thermocouple in the series was located 5 cm below the drop ceiling 
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and the rest were arranged 20 cm apart.  The virtual thermocouples experienced the same 
trend in the timing of the first temperature rise and the value found in Rake A.  The 
simulation predicted a faster and higher rise in temperature. For the top two 
thermocouples, the temperature was overestimated.  For thermocouple B3 and B4 the 
temperature simulated was on par with the experimental data, but for the thermocouples 
below, the temperature values were underestimated in the simulation.  Figure 17 shows 
the temperature curves from selected thermocouples in both the experimental and 
simulated environment.  Similar to the virtual Rake A thermocouples, however, the 
sudden rise in temperature recorded in the experimental data was again not reflected 
accurately in the simulation by most of the thermocouples in the lower layer.   
Thermocouple Rake 'B' - CSIRO vs. FDS
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Figure 17 - Thermocouple Rake B 
 
 In the simulation, the thermocouple B1, that was located at 5 cm below the ceiling 
panel, showed an earlier and higher temperature than that of the experimental data..  
Figure 18 shows the temperature discrepancy which is most likely caused by the ceiling 
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jet that submerged the thermocouple in both the actual and simulated environments.  The 
moving flame sheets of the ceiling jet that contacted the thermocouple directly would 
introduce substantial uncertainly in the data collected in the actual experiment and in the 
simulation.  The speed of the ceiling flow, the sizes of the grids at Rake B, and the 
sensitivity of the program would also combine to create another level of uncertainty in 
the data of the computer model.  The simulation, however, did predict the formation of 
the first two peaks of temperature at 170 s and 280 s quite accurately. 
Thermocouple Rake 'B' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
0
200
400
600
800
1000
1200
1400
0 100 200 300 400 500 600 700 800
Time (s)
Te
m
pe
ra
tu
re
 (C
)
FDS (B1)
CSIRO (B1)
 
Figure 18 - Thermocouple B1 
 
 Thermocouple B3 was located 40 cm below B1, closer to the ceiling jet and 
smoke layer interface in the experiment.  This suggested that the thermocouple should not 
be contacted by as many flame sheets as B1 and hence, more sensitive to the changing 
temperature.  The simulated temperature curve shown in Figure 19 is noticeably more 
similar to the experimental data than that of the virtual and actual thermocouple B1.  The 
simulated data predicted the first rise in temperature in the experiment, and also the 
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subsequent trough and rise.  It should be noted that the difference between the peak 
temperatures of the simulated and actual data was increasing for the thermocouple further 
down the thermocouple tree.    
Thermocouple Rake 'B' TC 3 - CSIRO vs. FDS
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Figure 19 - Thermocouple B3 
 Thermocouple B6 was placed 30 cm below thermocouple B3.  It showed the trend 
of increasing difference between the first peak value predicted by FDS and the 
experimental value in Figure 20.  The simulated values were comparable to those in the 
experimental data except that the timing of the first temperature peak was off.  Simulated 
thermocouple B9, which was placed at 38 cm above the floor, registered the most 
inaccurate temperature values overall. This inaccuracy was best shown in Figure 21.  The 
highest temperature predicted in the simulation was approximately 200°C whereas the 
actual thermocouple registered values at around 400°C.  The simulated B6 thermocouple 
also experienced the earliest rise, compared to the actual data, out of any of the 
previously discussed thermocouples.   
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Thermocouple Rake 'B' TC 6 - CSIRO vs. FDS
(Temperature vs. Time)
0
200
400
600
800
1000
1200
1400
0 100 200 300 400 500 600 700 800
Time (s)
Te
m
pe
ra
tu
re
 (C
)
FDS (B6)
CSIRO (B6)
 
Figure 20 - Thermocouple B6 
 
 
Thermocouple Rake 'B' TC 9 - CSIRO vs. FDS
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Figure 21 - Thermocouple B9 
 Thermocouple Rake C was located 2 m south of Rake B near the doorway.  The 
only two thermocouples on Rake C were located at the same heights as the ones on Rake 
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A.  The peak values for both experimental temperature curves, shown in Figure 22, were 
close to 1000°C.  The high temperature was most likely due to improved ventilation at 
the open doorway that aided the spread of the fire.  The actual thermocouple C1 
experienced peaks at approximately 200 s and 350 s. Thermocouple C2 experienced a 
sudden peak at 200 s and trails off steadily for the reminder of the burn in the 
experimental data.  In the simulation both virtual thermocouples predicted earlier peaks. 
The upper virtual thermocouple, C1, overestimated the overall temperature. The lower 
virtual thermocouple, C2, underestimated the temperature at the peak.  The simulated 
thermocouples followed the same trend as the virtual thermocouple trees A and B where 
the sudden rise was predicted too quickly. 
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Figure 22 - Thermocouple Rake C 
 The two thermocouples on Rake D shown in Figure 23, and Rake E shown in 
Figure 24, were located close to the doorway in the train.  The simulated thermocouples 
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experienced similar trends in their predicted values as those on Rake C.  The recorded 
peak temperatures were similar for both actual thermocouples and decayed at the same 
time.  Both actual thermocouples also experienced another rise and decay in the same 
time period.  The two simulated temperature curves predicted earlier first peaks. The 
virtual thermocouple on the top overestimated while the lower one underestimated the 
overall temperature. In the experimental data, the time at exponential growth of 
temperature recorded by these two rakes was the same, as opposed to the faster rise 
usually registered by the topmost thermocouples. 
 
Thermocouple Rake 'D' - CSIRO vs. FDS
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Figure 23 - Thermocouple Rake D 
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Thermocouple Rake 'E' - CSIRO vs. FDS
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Figure 24 - Thermocouple Rake E 
 Rake F, shown in Figure 25, was located in the middle between the two open 
doorways with a full set of sensors. The actual thermocouples collected data that showed 
an initial peak with two subsequent peaks of lower value.  The two later peaks matched 
the times at which the windows blew out in the actual experiment and oxygen was 
reintroduced into the train carriage.  The peak values were similar for the thermocouples 
on Rake F in the experimental data, indicating that the fire was quite well developed by 
the time it reached this thermocouple tree.        
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Thermocouple Rake 'F' - CSIRO vs. FDS
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Figure 25 - Thermocouple Rake F 
 
 All of the simulated thermocouples in Rake F predicted earlier rise in temperature 
overall, which was consistent with the simulated thermocouples on the other trees.  In the 
simulation, the top thermocouples of Rake F no longer over estimate the temperature, 
where all previous thermocouple rakes did so.  Simulated thermocouples F1 shown in 
Figure 26, and F4 shown in Figure 27, had favorable values compared to the 
experimental data and similarly shaped curves. The same cannot be said of the simulated 
thermocouples F7 shown in Figure 28, and F10 shown in Figure 29, where the values 
being predicted in the simulation were much lower in magnitude than the experimental 
data.  The magnified difference between the simulated values and experimental data in 
this thermocouple tree might be caused by the same problem that affected the other 
thermocouple rakes.  An explanation was that the geometries and the materials used to 
furnish this section of the train carriage were not the same as the ones used in the front of 
the carriage.  Seats and cushions were missing in this section. Also, the materials used in 
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this section include a mix of the old and new GRPs, carpets, and other miscellaneous 
materials not listed or categorized.  These changes were not accurately reflected in the 
train model where simplified geometries were used.  
 
Thermocouple Rake 'F' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
0
200
400
600
800
1000
1200
0 100 200 300 400 500 600 700 800
Time (s)
Te
m
pe
ra
tu
re
 (C
)
FDS (F1)
CSIRO (F1)
 
Figure 26 - Thermocouple F1 
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Thermocouple Rake 'F' TC 4 - CSIRO vs. FDS
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Figure 27 - Thermocouple F4 
 
Thermocouple Rake 'F' TC 7 - CSIRO vs. FDS
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Figure 28 - Thermocouple F7 
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Thermocouple Rake 'F' TC 10 - CSIRO vs. FDS
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Figure 29 - Thermocouple F10 
 
 For the next four sets of thermocouple trees, Rake G shown in Figure 30, Rake H 
shown in Figure 31, Rake I shown in Figure 32, and Rake J shown in Figure 33, it was 
observed that the trends established by the actual and simulated thermocouples on Rake F 
continued.  The simulated thermocouples predicted rise of temperature earlier, and the 
values were all lower than the peak values recorded during the experiment.  However, for 
the top thermocouples, the simulated temperatures compared favorably to most of the 
experimental data after the rise in the actual data.  For the lower thermocouples, the 
values predicted in the simulation were generally lower that that of the actual value.  An 
exception occurred at thermocouple J2 where the two sets of data had comparable values.  
The overall lowered values and later peak times were an indication of the effects of 
distance from the ignition source, and the decreased amount of combustible fuels used in 
this portion of the carriage.  Also, the open doorway near these thermocouple trees 
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provided cooling air first, then becoming a major ventilation point where air entrained 
through to spread the fire further. 
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Figure 30 - Thermocouple Rake G 
Thermocouple Rake 'H' - CSIRO vs. FDS
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Figure 31 - Thermocouple Rake H 
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Thermocouple Rake 'I' - CSIRO vs. FDS
(Temperature vs. Time)
0
100
200
300
400
500
600
700
800
900
1000
0 100 200 300 400 500 600 700 800
Time (s)
Te
m
pe
ra
tu
re
 (C
)
FDS (I1)
CSIRO (I1)
FDS (I2)
CSIRO (I2)
 
Figure 32 - Thermocouple Rake I 
 
Thermocouple Rake 'J' - CSIRO vs. FDS
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Figure 33 - Thermocouple Rake J 
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 Thermocouple Rake K shown in Figure 34 was located at the southern end of the 
train carriage, 2 m from the end cap.  There were ten thermocouples on the tree.  The 
peak temperature was recorded on Rake K at approximately 350 s in the experiment.  
With the exceptions of K1 shown in Figure 35, and K4 shown in Figure 36, the predicted 
values in the simulation were comparable to the experimental data.  However, when 
compared to the thermocouple trees closer to the ignition source, a difference of 100 s in 
the timing between the simulated and actual thermocouples in Rake K was found.  The 
low temperature predicted in the simulation at thermocouples K7 shown in Figure 37 and 
K10 shown in Figure 38 was the result from the lack of combustible materials in the 
southern end of the train carriage. 
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Figure 34 - Thermocouple Rake K 
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Thermocouple Rake 'K' TC 1 - CSIRO vs. FDS
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Figure 35 - Thermocouple K1 
Thermocouple Rake 'K' TC 4 - CSIRO vs. FDS
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Figure 36 - Thermcouple K4 
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Thermocouple Rake 'K' TC 7 - CSIRO vs. FDS
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Figure 37 - Thermocouple K7 
Thermocouple Rake 'K' TC 10 - CSIRO vs. FDS
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Figure 38 - Thermocouple K10 
 Base on the analysis of temperature data in the simulation and the experiment, 
several trends and conclusions may be drawn to describe the discrepancy between the 
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simulated and actual data.  The lower a thermocouple was located on the rake, the larger 
the difference between the recorded value and the simulated value.  This may be because 
the thermocouples were all located in cells with sizes of 4 cm and 8 cm.  The simulated 
thermocouples located in coarse meshes are snapped to the grid intersection nearest to 
their location in the actual experiment.  As a result, some simulated thermocouples were 
predicting temperatures values several centimeters away from their experimental location.  
The large variation between the simulated and experimental temperature values for 
thermocouples near the floor suggests that the carpet material sub-model may not 
describe its burning characteristics accurately.   
Though where many shortcomings were found in the simulated data, the general 
shapes of the simulated temperature curves were similar to the actual curves.  Overall, the 
simulated temperature data indicated that the burning characteristics of the fire were 
generally correctly described by FDS.  Some improvements to the model that may made 
to generate more favorable temperature data would be to refine the meshes, correct the 
material sub-models, and obtain more information regarding the furnishings of the train 
carriage where other materials may be modeled and implemented accurately. 
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5 Conclusion 
The full scale train simulation was significantly improved from previous modeling 
attempts.  The ignition source experiments and ignition source area FDS simulations 
made it possible to implement a more accurate ignition source into the final full scale 
train simulation.  The ignition area model matched both the visual data from the full scale 
burn test and the ignition area experiments sufficiently.  Research into modeling charring 
materials in PYRO4 led to both the GRP and the carpet being modeled with heat release 
rate curves very close to those from the cone calorimeter.  Implementing the improved 
ignition source, GRP, and carpet data yielded a lower peak heat release rate occurring 
later than in the previous model. 
In comparing results from thermocouple trees from FDS to those from the live full 
scale experiment, the general temperatures were approximately the same. No heat release 
rate data was available from the live burn test but the predictions made by this simulation 
accurately represent the live burn test based on visual evidence from Smokeview and 
thermocouple data. 
The improvements made from the previous model yielded more favorable results but 
flashover still occurred 20 seconds faster than in the actual experiment.  Although there is 
a 20 s difference between the time flashover occurs between the new model and the 
actual test, factors in the full scale live test, such as the ignition source, are variable. A 20 
second difference in flashover is a reasonable variation when trying to replicate an 
experiment with an ignition source that is very unpredictable.  In order to properly test 
how accurate the full scale FDS train simulation model is, repetition of the actual 
experiment would have to be done. Unfortunately, full scale fire testing is expensive and 
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only one full scale test for this train fire scenario was able to be performed.  In conclusion, 
the results from the FDS simulation are favorable and vastly improved from last year’s 
model. 
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7 Appendices 
7.1 Appendix A – Pictures of Ignition Source Live Trials 1-11 
Figure 39 - Ignition Source Live Trial 1 
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Figure 40 - Ignition Source Live Trial 2 
 
Figure 41 - Ignition Source Live Trial 3 
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Figure 42 - Ignition Source Live Trial 4 
 
 
Figure 43 - Ignition Source Live Trial 5 
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Figure 44 - Ignition Source Live Trial 6 
 
 
Figure 45 - Ignition Source Live Trial 7 
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Figure 46 - Ignition Source Live Trial 8 
 
 
Figure 47 - Ignition Source Live Trial 9 
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Figure 48  - Ignition Source Live Trial 10 
 
 
Figure 49 - Ignition Source Live Trial 11 
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7.2 Appendix B – Sample Ignition Area Model 
 
~ Train Ignition Source, Newspaper only, 2cm Grid Sensitivity Test, 
Automatic Z TRUE, Trial 6, Uses Data from CSIRO Experiment all input 
data the same as TrainIgnition4 
 
 
Header Tags: 
 
  &HEAD CHID='TrainIgnition6', TITLE='Newspaper Ignition Source Model 
1/17/06'/ 
   
  &PDIM XBAR0=0.0, XBAR=1.80, YBAR0=-1.62, YBAR=1.26, ZBAR0=0.0, 
ZBAR=2.56/  (Mesh #1, Whole Thing, 2cm) 
  &GRID IBAR=90, JBAR=144, KBAR=128/ 
 
 
  &TIME DT=0.25, TWFIN=400.00/ 
  &MISC SURF_DEFAULT='STEEL' 
        REACTION='POLYURETHANE' 
        NFRAMES=1000 
        RESTART=.TRUE./ 
 
Domain Boundary Properties: 
 
  &VENT CB='XBAR', SURF_ID='OPEN'/ 
  &VENT CB='XBAR0', SURF_ID='OPEN'/   
  &VENT CB='YBAR', SURF_ID='OPEN'/ 
  &VENT CB='YBAR0', SURF_ID='OPEN'/ 
  &VENT CB='ZBAR', SURF_ID='OPEN'/ 
  &VENT CB='ZBAR0', SURF_ID='OPEN'/ 
 
Shell Geometry (additive): 
 
  &OBST XB=0.12, 0.96, -0.66, 1.26, 2.40, 2.52, RGB=0.0,1.0,0.0/  
  (ROOF PANEL) 
  &OBST XB=0.12, 0.96, -0.66, 1.26, 2.16, 2.16, SURF_ID='STEEL', 
RGB=0.8,0.8,0.8/  (DROP CEILING) 
 
  &OBST XB=0.12, 0.96, -0.66, 1.26, 0.00, 0.12, RGB=0.0,1.0,0.0/  
  (FLOOR PANEL) 
 
  &OBST XB=0.12, 0.96, -0.66, 1.14, 0.12, 0.12, SURF_ID='STEEL', 
RGB=0.5,0.5,0.5/  (FLOOR CARPET) 
  &OBST XB=0.12, 0.96, 1.14, 1.14, 0.12, 0.99, SURF_ID='STEEL', 
RGB=0.5,0.5,0.5/  (WALL CARPET) 
 
  &OBST XB=0.00, 0.12, -0.66, 1.26, 0.00, 2.52, RGB=0.0,1.0,0.0/  
  (END CAP NORTH) 
  &OBST XB=0.12, 0.96, 1.14, 1.26, 0.12, 2.40, RGB=0.0,1.0,0.0/  
   (EAST WALL) 
 
  &OBST XB=0.36, 0.96, 1.20, 1.20, 1.82, 2.00, SURF_ID='GLASS_TOP', 
PERMIT_HOLE=.FALSE., RGB=0.0,0.3,1.0/ (UPPER WINDOW PANE) 
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  &OBST XB=0.36, 0.96, 1.20, 1.20, 0.98, 1.82, SURF_ID='GLASS_BOTTOM', 
PERMIT_HOLE=.FALSE., RGB=0.0,0.5,1.0/ (LOWER WINDOW PANE) 
 
Seat Geometry: 
 
  &OBST XB=0.28, 0.76, 0.24, 1.14, 0.42, 0.42, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ (STEEL SEAT BOTTOM) 
  &OBST XB=0.28, 0.28, 0.24, 1.14, 0.42, 0.54, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ (STEEL SEAT BACK) 
  &OBST XB=0.26, 0.28, 0.24, 1.14, 0.54, 0.54, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.26, 0.26, 0.24, 1.14, 0.54, 0.64, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.24, 0.26, 0.24, 1.14, 0.64, 0.64, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.24, 0.24, 0.24, 1.14, 0.64, 0.74, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.22, 0.24, 0.24, 1.14, 0.74, 0.74, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.22, 0.22, 0.24, 1.14, 0.74, 0.86, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.20, 0.22, 0.24, 1.14, 0.86, 0.86, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.20, 0.20, 0.24, 1.14, 0.86, 0.96, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.18, 0.20, 0.24, 1.14, 0.96, 0.96, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.18, 0.18, 0.24, 1.14, 0.96, 1.06, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
   
  &OBST XB=0.28, 0.76, 0.24, 1.14, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ (SEAT BOTTOM) 
  &OBST XB=0.26, 0.38, 0.24, 1.14, 0.54, 0.64, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ (SEAT BACK) 
  &OBST XB=0.24, 0.36, 0.24, 1.14, 0.64, 0.74, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  &OBST XB=0.22, 0.34, 0.24, 1.14, 0.74, 0.86, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  &OBST XB=0.20, 0.32, 0.24, 1.14, 0.86, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  &OBST XB=0.18, 0.30, 0.24, 1.14, 0.96, 1.06, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  
 
Shell Geometery (subtractive): 
 
  &HOLE XB=0.36, 0.96, 1.14, 1.26, 0.99, 2.01/     
 (WINDOW HOLE) 
 
Ignition Source: 
 
  &SURF ID='Newspaper_Fire', HRRPUA=362.1, RAMP_Q='Test_Results'/ 
    &RAMP ID='Test_Results', T=0, F=0/ 
    &RAMP ID='Test_Results', T=2.5, F=.051/ 
    &RAMP ID='Test_Results', T=7.5, F=.266/ 
    &RAMP ID='Test_Results', T=12.5, F=.548/ 
    &RAMP ID='Test_Results', T=17.5, F=.793/ 
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    &RAMP ID='Test_Results', T=22.5, F=.944/ 
    &RAMP ID='Test_Results', T=27.5, F=.990/ 
    &RAMP ID='Test_Results', T=32.5, F=1.0/ 
    &RAMP ID='Test_Results', T=37.5, F=.996/ 
    &RAMP ID='Test_Results', T=42.5, F=.988/ 
    &RAMP ID='Test_Results', T=47.5, F=.978/ 
    &RAMP ID='Test_Results', T=52.5, F=.942/ 
    &RAMP ID='Test_Results', T=57.5, F=.902/ 
    &RAMP ID='Test_Results', T=62.5, F=.865/ 
    &RAMP ID='Test_Results', T=67.5, F=.831/ 
    &RAMP ID='Test_Results', T=72.5, F=.794/ 
    &RAMP ID='Test_Results', T=82.5, F=.713/ 
    &RAMP ID='Test_Results', T=92.5, F=.624/ 
    &RAMP ID='Test_Results', T=102.5, F=.550/ 
    &RAMP ID='Test_Results', T=112.5, F=.478/ 
    &RAMP ID='Test_Results', T=122.5, F=.423/ 
    &RAMP ID='Test_Results', T=132.5, F=.382/ 
    &RAMP ID='Test_Results', T=142.5, F=.335/ 
    &RAMP ID='Test_Results', T=152.5, F=.297/ 
    &RAMP ID='Test_Results', T=162.5, F=.274/ 
    &RAMP ID='Test_Results', T=172.5, F=.239/ 
    &RAMP ID='Test_Results', T=282.5, F=.210/ 
    &RAMP ID='Test_Results', T=197.5, F=.183/ 
    &RAMP ID='Test_Results', T=212.5, F=.159/ 
    &RAMP ID='Test_Results', T=227.5, F=.135/ 
    &RAMP ID='Test_Results', T=242.5, F=.113/ 
    &RAMP ID='Test_Results', T=257.5, F=.095/ 
    &RAMP ID='Test_Results', T=272.5, F=.074/ 
    &RAMP ID='Test_Results', T=287.5, F=.058/ 
    &RAMP ID='Test_Results', T=302.5, F=.046/ 
    &RAMP ID='Test_Results', T=317.5, F=.036/ 
    &RAMP ID='Test_Results', T=332.5, F=.026/                
(Assumption, data does not go more than 335s, and excel does not 
forcest good numbers after 335s) 
    &RAMP ID='Test_Results', T=347.5, F=.016/ 
    &RAMP ID='Test_Results', T=362.5, F=0/ 
 
  &VENT XB=0.12, 0.60, 0.42, 1.14, 0.12, 0.12, 
SURF_ID='Newspaper_Fire',COLOR='ORANGE'/ 
 
Data Collection: 
&ISOF 
QUANTITY='TEMPERATURE',VALUE(1)=50.,VALUE(2)=100.,VALUE(3)=200.,VALUE(4
)=300.,VALUE(5)=400.,VALUE(6)=500.,VALUE(7)=600.,VALUE(8)=700.,VALUE(9)
=800. / 
&ISOF 
QUANTITY='MIXTURE_FRACTION',VALUE(1)=0.001,VALUE(2)=0.01,VALUE(3)=0.02,
VALUE(4)=0.03,VALUE(5)=0.04,VALUE(6)=0.05,VALUE(7)=0.06,VALUE(8)=0.07,V
ALUE(9)=0.08 / 
 
  &BNDF QUANTITY='WALL_TEMPERATURE' /                            
 FDS will record the wall temperature of all solid surfaces. 
  &BNDF QUANTITY='BURNING_RATE' /                                  
 FDS will record the rate of burning across all solid surfaces. 
  &BNDF QUANTITY='RADIATIVE_FLUX' /                                  
 FDS will record the net radiative flux. 
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  &BNDF QUANTITY='CONVECTIVE_FLUX' /                                  
 FDS will record the convective flux into solid. 
  &BNDF QUANTITY='GAUGE_HEAT_FLUX' /                                            
FDS will record the gauge heat flux to all solid surfaces.   
  &BNDF QUANTITY='HEAT_FLUX' /                                            
 FDS will record the net heat flux into solid 
Materials: 
  &REAC ID='POLYURETHANE' 
      FYI='C_6.3 H_7.1 N O_2.1, NFPA Handbook, Babrauskas' 
      SOOT_YIELD = 0.10 
      MW_FUEL    = 130.3 
      FUEL_N2    = 0.5 
      NU_CO2     = 6.3   
      NU_H2O     = 3.55 
      NU_O2      = 7.025  / 
 
  &SURF_ID  = 'STEEL' 
 RGB  = 0.20,0.20,0.20 
 C_DELTA_RHO = 20. 
 DELTA  = 0.015 / 
 
  &SURF_ID               = 'GLASS_TOP' 
      FYI                = 'Quintiere, Fire Behavior' 
      RGB                = 1.0,1.0,0.75 
      DELTA              = 0.005 
      KS                 = 0.76 
      C_P                = 0.84 
      DENSITY            = 2700. 
      BACKING            = 'EXPOSED' / 
 
  &SURF_ID               = 'GLASS_BOTTOM' 
      FYI                = 'Quintiere, Fire Behavior' 
      RGB                = 1.0,1.0,0.75 
      DELTA              = 0.0125 
      KS                 = 0.76 
      C_P                = 0.84 
      DENSITY            = 2700. 
      BACKING            = 'EXPOSED' / 
 
  &SURF_ID                 = 'SEAT' 
      FYI                  = 'Curtesy of MPQ-OZ `05' 
      HEAT_OF_VAPORIZATION = 1500. 
      HEAT_OF_COMBUSTION   = 16829. 
      BURNING_RATE_MAX     = 0.00579 
      DELTA                = 0.06389 
      KS                   = 0.09 
      C_P                  = 2.4 
      DENSITY              = 137.297 
      BACKING              = 'INSULATED' 
      TMPIGN               = 330. 
      BURN_AWAY     =.TRUE. / 
 
  &SURF_ID               = 'SHEET STEEL' 
      FYI                = '18 guage sheet metal' 
      RGB                = 0.20,0.20,0.20 
      C_DELTA_RHO        = 4.7 
      DELTA              = 0.0005 / 
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7.3 Appendix C – Parameter Consequence
 
Action Parameter Burn Time 
1st peak 
HRR 
1st peak 
time 
1st peak 
duration 
2nd peak 
HRR 
2nd peak 
time 
UP k of Char LOWER UP UP UP SAME UP 
UP 
k of Char of higher 
temp LOWER UP SAME SAME SAME   
LOWER k of Virgin UP UP LOWER LOWER SAME SAME 
LOWER Char Density UP UP SAME UP SAME SAME 
LOWER Virgin Density LOWER LOWER SAME SAME     
LOWER Delta LOWER (a lot) UP (a little) SAME SAME SAME SME 
UP HOC             
LOWER HOC             
UP HOV             
UP Cp of Virgin SAME UP UP LOWER SAME SAME 
UP Cp of Char SAME LOWER SAME SAME SAME SAME 
 
Action Parameter 
2nd peak 
duration Overall Heat Release Rate 
Hump 
distance
Hump 
Prominence 
UP k of Char UP UP UP LOWER 
UP 
k of Char of higher 
temp         
LOWER k of Virgin SAME LOWER SAME   
LOWER Char Density UP SAME     
LOWER Virgin Density   SAME   UP 
LOWER Delta LOWER UP LOWER   
UP HOC   UP   LOWER 
LOWER HOC   LOWER   LOWER 
UP HOV   LOWER   LOWER 
UP Cp of Virgin SAME LOWER (from end of 2nd peak) SAME SAME 
UP Cp of Char SAME LOWER (from end of 2nd peak) SAME SAME 
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7.4 Appendix D - Train Compartment Dimensions and Instrumentation 
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Figure 50 - Train Dimensions 
 
Figure 51 - End Cap Dimensions 
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Figure 52 - Window Dimensions 
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Figure 53 - Center Thermocouple Locations 
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Figure 54 - Door Thermocouple Locations 
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Figure 55 - Window Thermocouple Locations 
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Figure 56 - Pressure Probes and Radiometer Locations 
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7.5 Appendix E – GRP models 
Material Sub Model – GRP 2005 Version 
 
&HEAD CHID='GRP_20_vent_exp',TITLE='GRP_20 test with vent surf. on 
inert solid' /  
&GRID IBAR=10,JBAR=10,KBAR=10 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=500.0 / Run simulation 6 minutes to see long term 
effects 
 
&MISC NFRAMES=500 / Print output 1200 times 
 
&SURF ID                   = 'GRP' 
      FYI                  = 'Curtesy of MPQ-OZ `05' 
      HEAT_OF_VAPORIZATION = 1800. 
      HEAT_OF_COMBUSTION   = 10731. 
      BURNING_RATE_MAX     = 0.0355 
      DELTA                = 0.004 
      KS                   = 0.19 
      C_P                  = 1.4 
      DENSITY              = 1080.75 
      BACKING              = 'EXPOSED' 
      TMPIGN               = 380. 
      BURN_AWAY     =.TRUE. / 
 
&SURF ID='HOT',TMPWAL=783.,RGB=0,1,0 / 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR0',SURF_ID='OPEN' / 
 
&OBST XB=-.05,0.00,-.10,0.10,-
.10,0.10,SURF_ID6='INERT','INERT','INERT','INERT','INERT','INERT', 
COLOR='GREEN'/  Sample faces in positive x direction 
&VENT XB=0.00, 0.00, -.10, 0.10, -.10, 0.10, SURF_ID='GRP', 
COLOR='BLUE' / 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
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&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
 
 
 
Material Sub Model – GRP 75 
 
&HEAD CHID='GRP_Char_75',TITLE='GRP_75 Test'/ 
&GRID IBAR=10,JBAR=10,KBAR=10 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=500.0 / Run simulation 6 minutes to see long term 
effects 
 
&MISC NFRAMES=500 / Print output 1200 times 
 
&SURF ID                   = 'GRP' 
      FYI                  = 'Charring material' 
      RGB                  = 0.5,0.2,0.1 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.0035 
      TMPIGN               = 350.0 
      HEAT_OF_VAPORIZATION = 1000. 
  
      DENSITY              = 1500. 
      RAMP_KS              = 'KS' 
      RAMP_C_P             = 'CPV' 
      RAMP_C_P_CHAR        = 'CPC' 
      RAMP_KS_CHAR         = 'KSC' 
      CHAR_DENSITY         = 700. 
      WALL_POINTS          = 30 
      BACKING              = 'EXPOSED'/ 
&RAMP ID = 'KS',  T = 20.,   F = 0.03  / 
&RAMP ID = 'KS',  T = 500.,  F = 0.07  / 
&RAMP ID = 'KSC', T = 20.,   F = 0.10 / 
&RAMP ID = 'KSC', T = 900.,  F = 0.20  / 
&RAMP ID = 'CPV', T = 20.,   F = 1.2   / 
&RAMP ID = 'CPV', T = 500.,  F = 3.0   / 
&RAMP ID = 'CPC', T = 20.,   F = 0.68  / 
&RAMP ID = 'CPC', T = 400.,  F = 1.5   / 
&RAMP ID = 'CPC', T = 900.,  F = 1.8   /   
 
&SURF ID='HOT',TMPWAL=783.,RGB=0,1,0 /  (35kW/m^2) 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR0',SURF_ID='OPEN' / 
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&OBST XB=-.05,0.00,-.10,0.10,-
.10,0.10,SURF_ID6='INERT','GRP','INERT','INERT','INERT','INERT' /  
Sample faces in positive x direction 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
 
 
 
Material Sub Model – GRP 153 
 
&HEAD CHID='GRP_Char_153',TITLE='GRP_153 Test'/ 
&GRID IBAR=10,JBAR=10,KBAR=10 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=500.0 / Run simulation 6 minutes to see long term 
effects 
 
&MISC NFRAMES=500 / Print output 1200 times 
 
&SURF ID                   = 'GRP' 
      FYI                  = 'Charring material' 
      RGB                  = 0.5,0.2,0.1 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.0027 
      TMPIGN               = 350.0 
      BURNING_RATE_MAX     = 0.0355 
      HEAT_OF_VAPORIZATION = 1250. 
      HEAT_OF_COMBUSTION   = 28000.   
      DENSITY              = 1500. 
      RAMP_KS              = 'KS' 
      RAMP_C_P             = 'CPV' 
      RAMP_C_P_CHAR        = 'CPC' 
      RAMP_KS_CHAR         = 'KSC' 
      CHAR_DENSITY         = 500. 
      WALL_POINTS          = 30 
      BURN_AWAY     = .TRUE 
      BACKING              = 'INSULATED'/ 
&RAMP ID = 'KS',  T = 20.,   F = 0.4  / 
&RAMP ID = 'KS',  T = 500.,  F = 3.2  / 
&RAMP ID = 'KSC', T = 20.,   F = 0.10 / 
&RAMP ID = 'KSC', T = 900.,  F = 0.50  / 
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&RAMP ID = 'CPV', T = 20.,   F = 1.304   / 
&RAMP ID = 'CPV', T = 500.,  F = 2.504   / 
&RAMP ID = 'CPC', T = 20.,   F = 1.5  / 
&RAMP ID = 'CPC', T = 400.,  F = 3.0   / 
&RAMP ID = 'CPC', T = 900.,  F = 7.0   /   
 
 
&SURF ID='HOT',TMPWAL=783.,RGB=0,1,0 /  (35kW/m^2) 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR0',SURF_ID='OPEN' / 
 
&OBST XB=-.05,0.00,-.10,0.10,-
.10,0.10,SURF_ID6='INERT','GRP','INERT','INERT','INERT','INERT' /  
Sample faces in positive x direction 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
 
 
Material Sub Model – GRP 185 
 
&HEAD CHID='GRP_Char_185',TITLE='GRP_185 Test'/ At 50kW/m^2 up cp of 
virgin at both from 175 
&GRID IBAR=20,JBAR=20,KBAR=20 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=350.0 / Run simulation 6 minutes to see long term 
effects 
 
&MISC NFRAMES=350  
  
 
&SURF ID                   = 'GRP' 
      FYI                  = 'Charring material' 
      RGB                  = 0.5,0.2,0.1 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
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      DELTA                = 0.0027 
      TMPIGN               = 310.0 
      BURNING_RATE_MAX     = 0.0355 
      HEAT_OF_VAPORIZATION = 1250. 
      HEAT_OF_COMBUSTION   = 14000.   
      DENSITY              = 1500. 
      RAMP_KS              = 'KS' 
      RAMP_C_P             = 'CPV' 
      RAMP_C_P_CHAR        = 'CPC' 
      RAMP_KS_CHAR         = 'KSC' 
      CHAR_DENSITY         = 250. 
      WALL_POINTS          = 30 
      BURN_AWAY     = .TRUE 
      BACKING              = 'INSULATED'/ 
&RAMP ID = 'KS',  T = 20.,   F = 0.2  / 
&RAMP ID = 'KS',  T = 500.,  F = 3.2  / 
&RAMP ID = 'KSC', T = 20.,   F = 0.10 / 
&RAMP ID = 'KSC', T = 900.,  F = 0.40/ 
&RAMP ID = 'CPV', T = 20.,   F = 1.0 / 
&RAMP ID = 'CPV', T = 500.,  F = 2.0 / 
&RAMP ID = 'CPC', T = 20.,   F = 1.5  / 
&RAMP ID = 'CPC', T = 400.,  F = 3.0   / 
&RAMP ID = 'CPC', T = 900.,  F = 7.0   /   
 
 
&SURF ID='HOT',TMPWAL=881.,RGB=0,1,0 / (50 kW/m^2) 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR0',SURF_ID='OPEN' / 
 
&OBST XB=-.05,0.00,-.05,0.05,-
.05,0.05,SURF_ID6='INERT','GRP','INERT','INERT','INERT','INERT' /  
Sample faces in positive x direction 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
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7.6 Appendix F – Carpet models 
 
Material Sub Model – Carpet 2005 Version 
 
&HEAD CHID='CARPET_44',TITLE='CARPET_44 test with vent surf. on inert 
solid' /  
&GRID IBAR=10,JBAR=10,KBAR=10 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=600.0 / Run simulation 6 minutes to see long term 
effects 
 
&MISC NFRAMES=600 / Print output 600 times 
 
  &SURF ID                 = 'CARPET' 
      FYI                  = 'Curtesy of MQP-OZ `05' 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.008 
      TMPIGN               = 250.0 
      HEAT_OF_VAPORIZATION = 2062. 
      HEAT_OF_COMBUSTION   = 40000. 
      DENSITY              = 580 
      RAMP_KS              = 'KSa' 
      RAMP_C_P             = 'CPa' 
      RAMP_C_P_CHAR        = 'CPb' 
      RAMP_KS_CHAR         = 'KSb' 
      CHAR_DENSITY         = 440. 
      WALL_POINTS          = 30 
      BACKING              = 'INSULATED' 
      BURN_AWAY     = .TRUE./ 
  &RAMP ID = 'KSa',  T = 20.,  F = 0.09  / 
  &RAMP ID = 'KSa',  T = 500., F = 0.30  / 
  &RAMP ID = 'KSb', T = 20.,   F = 0.0616 / 
  &RAMP ID = 'KSb', T = 900.,  F = 0.128  / 
  &RAMP ID = 'CPa', T = 20.,   F = 1.2   / 
  &RAMP ID = 'CPa', T = 500.,  F = 3.0   / 
  &RAMP ID = 'CPb', T = 20.,   F = 0.68  / 
  &RAMP ID = 'CPb', T = 400.,  F = 1.5   / 
  &RAMP ID = 'CPb', T = 900.,  F = 1.8   / 
 
 
 
&SURF ID='HOT',TMPWAL=783.,RGB=0,1,0 / 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
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&VENT CB='ZBAR0',SURF_ID='OPEN' / 
 
&OBST XB=-.05,0.00,-.10,0.10,-.10,0.10,SURF_ID='INERT', COLOR='GREEN'/  
Sample faces in positive x direction 
&VENT XB=0.00, 0.00, -.10, 0.10, -.10, 0.10, SURF_ID='CARPET', 
COLOR='BLUE' / 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
 
 
 
Material Sub Model – Carpet 4 
 
&HEAD CHID='CARPET_4',TITLE='CARPET_4' /  
&GRID IBAR=20,JBAR=20,KBAR=20 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=500.0 /  
 
&MISC NFRAMES=500 /  
 
  &SURF ID                 = 'CARPET' 
      FYI                  = 'Carpet Char MQP`06' 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.008 
      TMPIGN               = 250.0 
      HEAT_OF_VAPORIZATION = 2062. 
      HEAT_OF_COMBUSTION   = 35000. 
      DENSITY              = 580 
      RAMP_KS              = 'KSa' 
      RAMP_C_P             = 'CPa' 
      RAMP_C_P_CHAR        = 'CPb' 
      RAMP_KS_CHAR         = 'KSb' 
      CHAR_DENSITY         = 440. 
      WALL_POINTS          = 30 
      BACKING              = 'INSULATED' 
      BURN_AWAY     = .TRUE./ 
  &RAMP ID = 'KSa',  T = 20.,  F = 0.09  / 
  &RAMP ID = 'KSa',  T = 500., F = 0.30  / 
  &RAMP ID = 'KSb', T = 20.,   F = 0.0616 / 
  &RAMP ID = 'KSb', T = 900.,  F = 0.128  / 
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  &RAMP ID = 'CPa', T = 20.,   F = 1.2   / 
  &RAMP ID = 'CPa', T = 500.,  F = 3.0   / 
  &RAMP ID = 'CPb', T = 20.,   F = 0.68  / 
  &RAMP ID = 'CPb', T = 400.,  F = 1.5   / 
  &RAMP ID = 'CPb', T = 900.,  F = 1.8   / 
 
 
 
&SURF ID='HOT',TMPWAL=783.,RGB=0,1,0 /  (35kW/m^2) 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR0',SURF_ID='OPEN' / 
 
&OBST XB=-.05,0.00,-.05,0.05,-.05,0.05,SURF_ID='INERT', COLOR='GREEN'/  
Sample faces in positive x direction 
&VENT XB=0.00, 0.00, -.05, 0.05, -.05, 0.05, SURF_ID='CARPET', 
COLOR='BLUE' / 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
 
 
 
Material Sub Model – Carpet 20 
 
&HEAD CHID='CARPET_20',TITLE='CARPET_20' /  
&GRID IBAR=20,JBAR=20,KBAR=20 / 
&PDIM XBAR0=-.20,XBAR=0.20,YBAR0=-.20,YBAR=0.20,ZBAR0=-.20,ZBAR=0.20 / 
Cube domain 
 
&TIME DT=0.5,TWFIN=500.0 /  
 
&MISC NFRAMES=500 /  
 
  &SURF ID                 = 'CARPET' 
      FYI                  = 'Carpet Char MQP`06' 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.008 
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      TMPIGN               = 400.0 
      HEAT_OF_VAPORIZATION = 2062. 
      HEAT_OF_COMBUSTION   = 40000. 
      DENSITY              = 580 
      RAMP_KS              = 'KSa' 
      RAMP_C_P             = 'CPa' 
      RAMP_C_P_CHAR        = 'CPb' 
      RAMP_KS_CHAR         = 'KSb' 
      CHAR_DENSITY         = 350. 
      WALL_POINTS          = 30 
      BACKING              = 'INSULATED' 
      BURN_AWAY     = .TRUE./ 
  &RAMP ID = 'KSa',  T = 20.,  F = 0.09  / 
  &RAMP ID = 'KSa',  T = 500., F = 0.30  / 
  &RAMP ID = 'KSb', T = 20.,   F = 0.0616 / 
  &RAMP ID = 'KSb', T = 900.,  F = 0.128  / 
  &RAMP ID = 'CPa', T = 20.,   F = 1.2   / 
  &RAMP ID = 'CPa', T = 500.,  F = 3.0   / 
  &RAMP ID = 'CPb', T = 20.,   F = 0.68  / 
  &RAMP ID = 'CPb', T = 400.,  F = 1.5   / 
  &RAMP ID = 'CPb', T = 900.,  F = 1.8   / 
 
 
 
&SURF ID='HOT',TMPWAL=783.,RGB=0,1,0 /  (35 kW/m^2) 
  
&VENT CB='XBAR0',SURF_ID='OPEN' / Open up all boundaries, but make 
right wall hot 
&VENT CB='XBAR' ,SURF_ID='HOT'  / 
&VENT CB='YBAR0',SURF_ID='OPEN' / 
&VENT CB='YBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR' ,SURF_ID='OPEN' / 
&VENT CB='ZBAR0',SURF_ID='OPEN' / 
 
&OBST XB=-.05,0.00,-.05,0.05,-.05,0.05,SURF_ID='INERT', COLOR='GREEN'/  
Sample faces in positive x direction 
&VENT XB=0.00, 0.00, -.05, 0.05, -.05, 0.05, SURF_ID='CARPET', 
COLOR='BLUE' / 
 
&BNDF QUANTITY='WALL_TEMPERATURE' / 
&BNDF QUANTITY='GAUGE_HEAT_FLUX' / 
&BNDF QUANTITY='BURNING_RATE' / 
 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='GAUGE_HEAT_FLUX',LABEL='Surface Heat Flux (center)' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURNING_RATE',LABEL='Burn 
Rate' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 
1,QUANTITY='WALL_TEMPERATURE',LABEL='Surface Temp' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='CHAR_DEPTH',LABEL='Char 
Depth' / 
&THCP XYZ=0.00,0.00,0.00,IOR= 1,QUANTITY='BURN_DEPTH',LABEL='Burn 
Depth' / 
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7.7 Appendix G – Full Scale FDS Input File for Final Simulation 
 
Final Train Simulation File Train 12 
 
~ Full Cab, 4 Meshes – GRP Model 185, Carpet Model 20~  
 
 
 
Header Tags: 
 
  &HEAD CHID='train_12',TITLE='Train Redux Part 12, limited data 
collection, GRP185, Carpet 20'/  
 
  &PDIM XBAR0=-0.16, XBAR=0.80, YBAR0=-0.12, YBAR=1.32,  ZBAR0=0.0, 
ZBAR=2.88/ 
  &GRID IBAR=48, JBAR=72, KBAR=144/ 
 
  &PDIM XBAR0=-0.16, XBAR=0.80, YBAR0=1.32, YBAR=2.76,  ZBAR0=0.0, 
ZBAR=2.88/ 
  &GRID IBAR=48, JBAR=72, KBAR=144/ 
 
  &PDIM XBAR0=0.80, XBAR=4.80, YBAR0=-0.12, YBAR=2.76,  ZBAR0=0.0, 
ZBAR=2.88/ 
  &GRID IBAR=100, JBAR=72, KBAR=72/ 
 
  &PDIM XBAR0=4.80, XBAR=24.00, YBAR0=-0.12, YBAR=2.76,  ZBAR0=0.0, 
ZBAR=2.88/ 
  &GRID IBAR=240, JBAR=48, KBAR=48/ 
 
  &TIME TWFIN=300, SYNCHRONIZE=.TRUE. /  
  &MISC SURF_DEFAULT='STEEL' 
 REACTION='POLYURETHANE' 
 AUTOMATIC_Z=.FALSE. 
 NFRAMES=1000 
 RESTART=.FALSE. / 
  
 
Domain Boundary Properties: 
 
  &VENT CB='YBAR', SURF_ID='OPEN'/ 
  &VENT CB='YBAR0', SURF_ID='OPEN'/ 
  &VENT CB='ZBAR', SURF_ID='OPEN'/ 
  &VENT CB='ZBAR0', SURF_ID='OPEN'/ 
 
 
Train Shell Geometry (additive): 
 
  &OBST XB=0.12, 6.66, 0.00, 0.12, 0.12, 2.40, RGB=0.0,1.0,0.0/                        
West Side 
  &OBST XB=6.66, 16.14, 0.00, 0.12, 0.12, 2.52, RGB=0.0,1.0,0.0/ 
  &OBST XB=16.14, 18.90, 0.00, 0.12, 0.12, 2.40, RGB=0.0,1.0,0.0/ 
  &OBST XB=18.90, 22.62, 0.00, 0.12, 0.12, 2.52, RGB=0.0,1.0,0.0/ 
 
  &OBST XB=0.12, 6.66, 2.58, 2.70, 0.12, 2.40, RGB=0.0,1.0,0.0/                        
East Side 
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  &OBST XB=6.66, 16.14, 2.58, 2.70, 0.12, 2.52, RGB=0.0,1.0,0.0/ 
  &OBST XB=16.14, 18.90, 2.58, 2.70, 0.12, 2.40, RGB=0.0,1.0,0.0/ 
  &OBST XB=18.90, 22.62, 2.58, 2.70, 0.12, 2.52, RGB=0.0,1.0,0.0/ 
 
  &OBST XB=0.12, 6.66, 0.00, 2.70, 2.40, 2.52, RGB=0.0,1.0,0.0/                        
Roof Panels 
  &OBST XB=6.60, 16.20, 0.00, 2.70, 2.52, 2.64, RGB=0.0,1.0,0.0/ 
  &OBST XB=16.14, 18.90, 0.00, 2.70, 2.40, 2.52, RGB=0.0,1.0,0.0/ 
  &OBST XB=18.84, 22.62, 0.00, 2.70, 2.52, 2.64, RGB=0.0,1.0,0.0/ 
 
  &OBST XB=0.12, 22.62, 0.00, 2.70, 0.00, 0.12, RGB=0.0,1.0,0.0/                       
Floor Panel 
  &OBST XB=0.00, 0.12, 0.00, 2.70, 0.00, 2.52, RGB=0.0,1.0,0.0/                        
End Cap (North) 
  &OBST XB=22.62, 22.74, 0.00, 2.70, 0.00, 2.64, RGB=0.0,1.0,0.0/                      
End Cap (South) 
 
  &OBST XB=0.36, 1.20, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=726, 
RGB=0.0,0.3,1.0/           Upper Left Window Panes (West Side) 
  &OBST XB=2.16, 3.00, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=284,  
RGB=0.0,0.3,1.0/ 
  &OBST XB=7.08, 7.92, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=252, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=8.82, 9.66, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=193, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=10.62, 11.46, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=355, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=12.36, 13.20, 0.06, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=484, 
RGB=0.0,0.3,1.0/ 
 
  &OBST XB=1.20, 1.92, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=631, 
RGB=0.0,0.3,1.0/           Upper Right Window Panes (West Side) 
  &OBST XB=3.00, 3.72, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=306, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=7.92, 8.64, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=267, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=9.66, 10.38, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=189, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=11.46, 12.18, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=355, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=13.20, 13.92, 0.04, 0.04, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=484, 
RGB=0.0,0.3,1.0/ 
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  &OBST XB=0.36, 1.20, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=801, 
RGB=0.0,0.5,1.0/         Lower Left Window Panes (West Side) 
  &OBST XB=2.16, 3.00, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=579, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=7.08, 7.92, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=394, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=8.82, 9.66, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=430, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=10.62, 11.46, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=430, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=12.36, 13.20, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=460, 
RGB=0.0,0.5,1.0/ 
 
  &OBST XB=1.20, 1.92, 0.04, 0.04,  1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=828, 
RGB=0.0,0.5,1.0/        Lower Right Window Panes (West Side) 
  &OBST XB=3.00, 3.72, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=579, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=7.92, 8.64, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=394, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=9.66, 10.38, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=430, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=11.46, 12.18, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=430, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=13.20, 13.92, 0.04, 0.04, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=460, 
RGB=0.0,0.5,1.0/ 
 
  &OBST XB=0.36, 1.20, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=331, 
RGB=0.0,0.3,1.0/            Upper Right Window Panes (East Side) 
  &OBST XB=2.16, 3.00, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=266, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=7.08, 7.92, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=353, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=8.82, 9.66, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=10000, 
RGB=0.0,0.3,1.0/   Window does not remove 
  &OBST XB=10.62, 11.46, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=495, 
RGB=0.0,0.3,1.0/ 
 
  &OBST XB=1.20, 1.92, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=331, 
RGB=0.0,0.3,1.0/            Upper Left Window Panes (East Side) 
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  &OBST XB=3.00, 3.72, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=266, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=7.92, 8.64, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=353, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=9.66, 10.38, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=396, 
RGB=0.0,0.3,1.0/ 
  &OBST XB=11.46, 12.18, 2.64, 2.64, 1.86, 
2.04,SURF_ID='GLASS_TOP',PERMIT_HOLE=.FALSE., T_REMOVE=373, 
RGB=0.0,0.3,1.0/ 
 
  &OBST XB=0.36, 1.20, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=686, 
RGB=0.0,0.5,1.0/         Lower Right Window Panes (East Side) 
  &OBST XB=2.16, 3.00, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=450, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=7.08, 7.92, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=396, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=8.82, 9.66, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=404, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=10.62, 11.46, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=495, 
RGB=0.0,0.5,1.0/ 
 
  &OBST XB=1.20, 1.92, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=686, 
RGB=0.0,0.5,1.0/          Lower Left Window Panes (East Side) 
  &OBST XB=3.00, 3.72, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=450, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=7.92, 8.64, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=393, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=9.66, 10.38, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=404, 
RGB=0.0,0.5,1.0/ 
  &OBST XB=11.46, 12.18, 2.64, 2.64, 1.02, 
1.86,SURF_ID='GLASS_BOTTOM',PERMIT_HOLE=.FALSE., T_REMOVE=495, 
RGB=0.0,0.5,1.0/ 
 
  &OBST XB=4.68, 6.12, 2.64, 2.64, 0.12, 2.10, SURF_ID='GYPSUM 
BOARD',PERMIT_HOLE=.FALSE., T_REMOVE=396, RGB=0.8,0.0,0.0/       East 
Side Doors (Boarded Up) 
 
Interior Furnishings: 
 
  &OBST XB=0.12, 9.60, 0.12, 2.58, 2.16, 2.16, SURF_ID='GRP', RGB=0.8, 
0.8, 0.8/                                  Drop Ceiling 
 
  &VENT XB=0.60, 9.96, 0.12, 2.58, 0.12, 0.12, SURF_ID='CARPET', 
RGB=0.6, 0.0, 0.6/      Carpet 
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  &VENT XB=0.12, 0.60, 0.12, 1.86, 0.12, 0.12, SURF_ID='CARPET', 
RGB=0.6, 0.0, 0.6/ 
  &VENT XB=0.12, 9.96, 0.12, 0.12, 0.12, 1.02, SURF_ID='CARPET', 
RGB=0.6, 0.0, 0.6/ 
  &VENT XB=0.12, 9.96, 2.58, 2.58, 0.12, 1.02, SURF_ID='CARPET', 
RGB=0.6, 0.0, 0.6/ 
 
  &VENT XB=9.96, 22.62, 0.12, 2.58, 0.12, 0.12, SURF_ID='PLYWOOD', 
RGB=0.4, 0.3, 0.1/      Plywood Flooring 
 
  &OBST XB=0.12, 9.60, 0.12, 0.12, 1.02, 2.16, SURF_ID='GRP', RGB=0.8, 
0.8, 0.8/      GRP Board  
  &OBST XB=0.12, 9.60, 2.58, 2.58, 1.02, 2.16, SURF_ID='GRP', RGB=0.8, 
0.8, 0.8/ 
  &OBST XB=0.12, 0.12, 0.12, 0.72, 0.12, 2.16, SURF_ID='GRP', RGB=0.8, 
0.8, 0.8/ 
  &OBST XB=0.12, 0.12, 2.04, 2.58, 0.12, 2.16, SURF_ID='GRP', RGB=0.8, 
0.8, 0.8/ 
 
  &OBST XB=0.28, 0.76, 1.68, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ (STEEL SEAT BOTTOM) 
  &OBST XB=0.28, 0.28, 1.68, 2.58, 0.42, 0.54, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ (STEEL SEAT BACK) 
  &OBST XB=0.26, 0.28, 1.68, 2.58, 0.54, 0.54, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.26, 0.26, 1.68, 2.58, 0.54, 0.64, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.24, 0.26, 1.68, 2.58, 0.64, 0.64, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.24, 0.24, 1.68, 2.58, 0.64, 0.74, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.22, 0.24, 1.68, 2.58, 0.74, 0.74, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.22, 0.22, 1.68, 2.58, 0.74, 0.86, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.20, 0.22, 1.68, 2.58, 0.86, 0.86, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.20, 0.20, 1.68, 2.58, 0.86, 0.96, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.18, 0.20, 1.68, 2.58, 0.96, 0.96, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
  &OBST XB=0.18, 0.18, 1.68, 2.58, 0.96, 1.06, SURF_ID='SHEET STEEL', 
SAWTOOTH=.FALSE./ 
   
  &OBST XB=0.28, 0.76, 1.68, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ (SEAT BOTTOM) 
  &OBST XB=0.26, 0.38, 1.68, 2.58, 0.54, 0.64, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ (SEAT BACK) 
  &OBST XB=0.24, 0.36, 1.68, 2.58, 0.64, 0.74, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  &OBST XB=0.22, 0.34, 1.68, 2.58, 0.74, 0.86, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  &OBST XB=0.20, 0.32, 1.68, 2.58, 0.86, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
  &OBST XB=0.18, 0.30, 1.68, 2.58, 0.96, 1.06, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2, SAWTOOTH=.FALSE./ 
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  &VENT XB=0.24, 0.78, 0.12, 1.02, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/                            Steel Seat Bottoms (West 
Side) 
  &VENT XB=0.96, 1.50, 0.12, 1.02, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=1.80, 2.34, 0.12, 1.02, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=2.82, 3.36, 0.12, 1.02, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=3.42, 4.32, 0.12, 0.66, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=6.48, 7.38, 0.12, 0.66, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=7.44, 7.98, 0.12, 1.02, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=8.46, 9.00, 0.12, 1.02, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
 
                              Steel Seat Bottoms (East Side) 
  &VENT XB=0.96, 1.50, 1.68, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=1.80, 2.34, 1.68, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=2.82, 3.36, 1.68, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=3.42, 4.32, 2.04, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=6.48, 7.38, 2.04, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=7.44, 7.98, 1.68, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=8.46, 9.00, 1.68, 2.58, 0.42, 0.42, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
 
  &VENT XB=0.24, 0.24, 0.12, 1.02, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/                            Steel Seat Backs (West Side) 
  &VENT XB=0.96, 0.96, 0.12, 1.02, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=1.80, 1.80, 0.12, 1.02, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=3.36, 3.36, 0.12, 1.02, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=7.44, 7.44, 0.12, 1.02, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=9.00, 9.00, 0.12, 1.02, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
 
                            Steel Seat Backs (East Side) 
  &VENT XB=0.96, 0.96, 1.68, 2.58, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=1.80, 1.80, 1.68, 2.58, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=3.36, 3.36, 1.68, 2.58, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
  &VENT XB=7.44, 7.44, 1.68, 2.58, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
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  &VENT XB=9.00, 9.00, 1.68, 2.58, 0.42, 0.96, SURF_ID='SHEET STEEL', 
RGB=1.0,1.0,1.0/ 
 
  &OBST XB=0.24, 0.78, 0.12, 1.02, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/                                   Seat Bottoms (West 
Side) 
  &OBST XB=0.96, 1.50, 0.12, 1.02, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=1.80, 2.34, 0.12, 1.02, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=2.82, 3.36, 0.12, 1.02, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=3.42, 4.32, 0.12, 0.66, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=6.48, 7.38, 0.12, 0.66, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=7.44, 7.98, 0.12, 1.02, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=8.46, 9.00, 0.12, 1.02, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
 
                                   Seat Bottoms (East Side) 
  &OBST XB=0.96, 1.50, 1.68, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=1.80, 2.34, 1.68, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=2.82, 3.36, 1.68, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=3.42, 4.32, 2.04, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=6.48, 7.38, 2.04, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=7.44, 7.98, 1.68, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=8.46, 9.00, 1.68, 2.58, 0.42, 0.54, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
 
  &OBST XB=0.24, 0.36, 0.12, 1.02, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/                                   Seat Backs (West 
Side) 
  &OBST XB=0.96, 1.08, 0.12, 1.02, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=1.80, 1.92, 0.12, 1.02, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=3.24, 3.36, 0.12, 1.02, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=3.42, 4.32, 0.12, 0.24, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=6.48, 7.38, 0.12, 0.24, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=7.44, 7.56, 0.12, 1.02, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=8.88, 9.00, 0.12, 1.02, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
 
                                   Seat Backs (East Side) 
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  &OBST XB=0.96, 1.08, 1.68, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=1.80, 1.92, 1.68, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=3.24, 3.36, 1.68, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=3.42, 4.32, 2.46, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=6.48, 7.38, 2.46, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=7.44, 7.56, 1.68, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
  &OBST XB=8.88, 9.00, 1.68, 2.58, 0.54, 0.96, SURF_ID='SEAT', 
RGB=0.8,0.0,0.2/ 
 
 
Ignition Source: 
 
  &SURF ID='Newspaper_Fire', HRRPUA=362.1, RAMP_Q='Test_Results'/ 
    &RAMP ID='Test_Results', T=0, F=0/ 
    &RAMP ID='Test_Results', T=2.5, F=.051/ 
    &RAMP ID='Test_Results', T=7.5, F=.266/ 
    &RAMP ID='Test_Results', T=12.5, F=.548/ 
    &RAMP ID='Test_Results', T=17.5, F=.793/ 
    &RAMP ID='Test_Results', T=22.5, F=.944/ 
    &RAMP ID='Test_Results', T=27.5, F=.990/ 
    &RAMP ID='Test_Results', T=32.5, F=1.0/ 
    &RAMP ID='Test_Results', T=37.5, F=.996/ 
    &RAMP ID='Test_Results', T=42.5, F=.988/ 
    &RAMP ID='Test_Results', T=47.5, F=.978/ 
    &RAMP ID='Test_Results', T=52.5, F=.942/ 
    &RAMP ID='Test_Results', T=57.5, F=.902/ 
    &RAMP ID='Test_Results', T=62.5, F=.865/ 
    &RAMP ID='Test_Results', T=67.5, F=.831/ 
    &RAMP ID='Test_Results', T=72.5, F=.794/ 
    &RAMP ID='Test_Results', T=82.5, F=.713/ 
    &RAMP ID='Test_Results', T=92.5, F=.624/ 
    &RAMP ID='Test_Results', T=102.5, F=.550/ 
    &RAMP ID='Test_Results', T=112.5, F=.478/ 
    &RAMP ID='Test_Results', T=122.5, F=.423/ 
    &RAMP ID='Test_Results', T=132.5, F=.382/ 
    &RAMP ID='Test_Results', T=142.5, F=.335/ 
    &RAMP ID='Test_Results', T=152.5, F=.297/ 
    &RAMP ID='Test_Results', T=162.5, F=.274/ 
    &RAMP ID='Test_Results', T=172.5, F=.239/ 
    &RAMP ID='Test_Results', T=282.5, F=.210/ 
    &RAMP ID='Test_Results', T=197.5, F=.183/ 
    &RAMP ID='Test_Results', T=212.5, F=.159/ 
    &RAMP ID='Test_Results', T=227.5, F=.135/ 
    &RAMP ID='Test_Results', T=242.5, F=.113/ 
    &RAMP ID='Test_Results', T=257.5, F=.095/ 
    &RAMP ID='Test_Results', T=272.5, F=.074/ 
    &RAMP ID='Test_Results', T=287.5, F=.058/ 
    &RAMP ID='Test_Results', T=302.5, F=.046/ 
    &RAMP ID='Test_Results', T=317.5, F=.036/ 
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    &RAMP ID='Test_Results', T=332.5, F=.026/                
(Assumption, data does not go more than 335s, and excel does not 
forcest good numbers after 335s) 
    &RAMP ID='Test_Results', T=347.5, F=.016/ 
    &RAMP ID='Test_Results', T=362.5, F=0/ 
 
  &VENT XB=0.12, 0.60, 1.86, 2.58, 0.12, 0.12, 
SURF_ID='Newspaper_Fire',COLOR='ORANGE'/ 
 
 
Train Shell Geometry (subtractive): 
 
  &HOLE XB=4.68, 6.12, 0.00, 0.18, 0.12, 2.10/                                 
Doors 
  &HOLE XB=4.68, 6.12, 2.52, 2.70, 0.12, 2.10/ 
  &HOLE XB=16.62, 18.06, 0.00, 0.18, 0.12, 2.10/ 
 
  &HOLE XB=0.36, 1.92, 0.00, 0.18, 1.02, 2.04/                                 
Window Port Holes (West Side) 
  &HOLE XB=2.16, 3.72, 0.00, 0.18, 1.02, 2.04/ 
  &HOLE XB=7.08, 8.64, 0.00, 0.18, 1.02, 2.04/ 
  &HOLE XB=8.82, 10.38, 0.00, 0.18, 1.02, 2.04/ 
  &HOLE XB=10.62, 12.18, 0.00, 0.18, 1.02, 2.04/ 
  &HOLE XB=12.36, 13.92, 0.00, 0.18, 1.02, 2.04/ 
 
  &HOLE XB=0.36, 1.92, 2.52, 2.70, 1.02, 2.04/                                 
Window Port Holes (East Side) 
  &HOLE XB=2.16, 3.72, 2.52, 2.70, 1.02, 2.04/ 
  &HOLE XB=7.08, 8.64, 2.52, 2.70, 1.02, 2.04/ 
  &HOLE XB=8.82, 10.38, 2.52, 2.70, 1.02, 2.04/ 
  &HOLE XB=10.62, 12.18, 2.52, 2.70, 1.02, 2.04/ 
 
 
Data Acqusition: 
 
  &THCP XYZ=.18, 2.52, 2.16, QUANTITY='WALL_TEMPERATURE', 
LABEL='ceilingtemp', IOR=-3/              TC Tree up Fire Wall 
Temperatures 
  &THCP XYZ=.12, 2.52, 2.10, QUANTITY='WALL_TEMPERATURE', LABEL='wall1', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 2.00, QUANTITY='WALL_TEMPERATURE', LABEL='wall2', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.90, QUANTITY='WALL_TEMPERATURE', LABEL='wall3', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.80, QUANTITY='WALL_TEMPERATURE', LABEL='wall4', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.70, QUANTITY='WALL_TEMPERATURE', LABEL='wall5', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.60, QUANTITY='WALL_TEMPERATURE', LABEL='wall6', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.50, QUANTITY='WALL_TEMPERATURE', LABEL='wall7', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.40, QUANTITY='WALL_TEMPERATURE', LABEL='wall8', 
IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.30, QUANTITY='WALL_TEMPERATURE', LABEL='wall9', 
IOR=1/ 
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  &THCP XYZ=.12, 2.52, 1.20, QUANTITY='WALL_TEMPERATURE', 
LABEL='wall10', IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.10, QUANTITY='WALL_TEMPERATURE', 
LABEL='wall11', IOR=1/ 
  &THCP XYZ=.12, 2.52, 1.00, QUANTITY='WALL_TEMPERATURE', 
LABEL='wall12', IOR=1/ 
 
  &THCP XYZ=5.4, 0.06, 2.06, QUANTITY='TEMPERATURE', LABEL='DA1'/              
DOOR A Thermocouple Tree 
  &THCP XYZ=5.4, 0.06, 1.96, QUANTITY='TEMPERATURE', LABEL='DA2'/ 
  &THCP XYZ=5.4, 0.06, 1.86, QUANTITY='TEMPERATURE', LABEL='DA3'/ 
  &THCP XYZ=5.4, 0.06, 1.76, QUANTITY='TEMPERATURE', LABEL='DA4'/ 
  &THCP XYZ=5.4, 0.06, 1.66, QUANTITY='TEMPERATURE', LABEL='DA5'/ 
  &THCP XYZ=5.4, 0.06, 1.56, QUANTITY='TEMPERATURE', LABEL='DA6'/ 
  &THCP XYZ=5.4, 0.06, 1.46, QUANTITY='TEMPERATURE', LABEL='DA7'/ 
  &THCP XYZ=5.4, 0.06, 1.36, QUANTITY='TEMPERATURE', LABEL='DA8'/ 
  &THCP XYZ=5.4, 0.06, 1.26, QUANTITY='TEMPERATURE', LABEL='DA9'/ 
  &THCP XYZ=5.4, 0.06, 1.06, QUANTITY='TEMPERATURE', LABEL='DA10'/ 
  &THCP XYZ=5.4, 0.06, 0.86, QUANTITY='TEMPERATURE', LABEL='DA11'/ 
  &THCP XYZ=5.4, 0.06, 0.66, QUANTITY='TEMPERATURE', LABEL='DA12'/ 
 
  &THCP XYZ=17.36, 0.06, 2.06, QUANTITY='TEMPERATURE', LABEL='DB1'/            
DOOR B Thermocouple Tree 
  &THCP XYZ=17.36, 0.06, 1.96, QUANTITY='TEMPERATURE', LABEL='DB2'/ 
  &THCP XYZ=17.36, 0.06, 1.86, QUANTITY='TEMPERATURE', LABEL='DB3'/ 
  &THCP XYZ=17.36, 0.06, 1.76, QUANTITY='TEMPERATURE', LABEL='DB4'/ 
  &THCP XYZ=17.36, 0.06, 1.66, QUANTITY='TEMPERATURE', LABEL='DB5'/ 
  &THCP XYZ=17.36, 0.06, 1.56, QUANTITY='TEMPERATURE', LABEL='DB6'/ 
  &THCP XYZ=17.36, 0.06, 1.46, QUANTITY='TEMPERATURE', LABEL='DB7'/ 
  &THCP XYZ=17.36, 0.06, 1.36, QUANTITY='TEMPERATURE', LABEL='DB8'/ 
  &THCP XYZ=17.36, 0.06, 1.26, QUANTITY='TEMPERATURE', LABEL='DB9'/ 
  &THCP XYZ=17.36, 0.06, 1.06, QUANTITY='TEMPERATURE', LABEL='DB10'/ 
  &THCP XYZ=17.36, 0.06, 0.86, QUANTITY='TEMPERATURE', LABEL='DB11'/ 
  &THCP XYZ=17.36, 0.06, 0.66, QUANTITY='TEMPERATURE', LABEL='DB12'/ 
 
  &THCP XYZ=0.78, 2.64, 1.42, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WA1'/      Window Thermocouples (See Diagram for Labeling Scheme) 
  &THCP XYZ=0.78, 2.64, 1.62, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WA2'/  
  &THCP XYZ=0.78, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WA3'/  
  &THCP XYZ=1.56, 2.64, 1.42, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WA4'/ 
  &THCP XYZ=1.56, 2.64, 1.62, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WA5'/  
  &THCP XYZ=1.56, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WA6'/ 
 
  &THCP XYZ=2.54, 2.64, 1.42, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WC1'/ 
  &THCP XYZ=2.54, 2.64, 1.62, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WC2'/  
  &THCP XYZ=2.54, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WC3'/  
  &THCP XYZ=3.32, 2.64, 1.42, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WC4'/ 
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  &THCP XYZ=3.32, 2.64, 1.62, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WC5'/  
  &THCP XYZ=3.32, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WC6'/ 
 
  &THCP XYZ=2.54, 0.06, 1.42, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WD1'/ 
  &THCP XYZ=2.54, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WD2'/  
  &THCP XYZ=3.32, 0.06, 1.42, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WD3'/ 
  &THCP XYZ=3.32, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WD4'/  
 
  &THCP XYZ=7.48, 2.64, 1.48, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WE1'/ 
  &THCP XYZ=8.26, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WE2'/ 
   
  &THCP XYZ=9.24, 2.64, 1.48, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WG1'/ 
  &THCP XYZ=10.02, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WG2'/  
 
  &THCP XYZ=11.00, 2.64, 1.48, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WI1'/ 
  &THCP XYZ=11.78, 2.64, 1.98, QUANTITY='TEMPERATURE', IOR=2, 
LABEL='WI2'/ 
   
  &THCP XYZ=0.78, 0.06, 1.48, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WB1'/ 
  &THCP XYZ=1.56, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WB2'/ 
 
  &THCP XYZ=7.48, 0.06, 1.48, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WF1'/ 
  &THCP XYZ=8.26, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WF2'/ 
 
  &THCP XYZ=9.24, 0.06, 1.48, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WH1'/ 
  &THCP XYZ=10.02, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WH2'/ 
 
  &THCP XYZ=11.00, 0.06, 1.48, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WJ1'/ 
  &THCP XYZ=11.78, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WJ2'/ 
    
  &THCP XYZ=12.76, 0.06, 1.48, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WL1'/ 
  &THCP XYZ=13.54, 0.06, 1.98, QUANTITY='TEMPERATURE', IOR=-2, 
LABEL='WL2'/ 56 
 
 
  &THCP XYZ=1.16, 1.36, 2.10, QUANTITY='TEMPERATURE', LABEL='A1'/               
Cab Interior Thermocouples (See Labeling Diagram) 
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  &THCP XYZ=1.16, 1.36, 1.11, QUANTITY='TEMPERATURE', LABEL='A2'/ 
  &THCP XYZ=3.16, 1.36, 2.10, QUANTITY='TEMPERATURE', LABEL='B1'/ 
  &THCP XYZ=3.16, 1.36, 1.90, QUANTITY='TEMPERATURE', LABEL='B2'/ 
  &THCP XYZ=3.16, 1.36, 1.70, QUANTITY='TEMPERATURE', LABEL='B3'/ 
  &THCP XYZ=3.16, 1.36, 1.50, QUANTITY='TEMPERATURE', LABEL='B4'/ 
  &THCP XYZ=3.16, 1.36, 1.30, QUANTITY='TEMPERATURE', LABEL='B5'/   
  &THCP XYZ=3.16, 1.36, 1.10, QUANTITY='TEMPERATURE', LABEL='B6'/ 
  &THCP XYZ=3.16, 1.36, 0.90, QUANTITY='TEMPERATURE', LABEL='B7'/ 
  &THCP XYZ=3.16, 1.36, 0.70, QUANTITY='TEMPERATURE', LABEL='B8'/ 
  &THCP XYZ=3.16, 1.36, 0.50, QUANTITY='TEMPERATURE', LABEL='B9'/ 67 
  &THCP XYZ=5.16, 1.36, 2.10, QUANTITY='TEMPERATURE', LABEL='C1'/ 
  &THCP XYZ=5.16, 1.36, 1.10, QUANTITY='TEMPERATURE', LABEL='C2'/ 
  &THCP XYZ=7.16, 1.36, 2.10, QUANTITY='TEMPERATURE', LABEL='D1'/ 
  &THCP XYZ=7.16, 1.36, 1.10, QUANTITY='TEMPERATURE', LABEL='D2'/ 
  &THCP XYZ=9.16, 1.36, 2.10, QUANTITY='TEMPERATURE', LABEL='E1'/ 
  &THCP XYZ=9.16, 1.36, 1.10, QUANTITY='TEMPERATURE', LABEL='E2'/ 73 
  &THCP XYZ=11.16, 1.36, 2.44, QUANTITY='TEMPERATURE', LABEL='F1'/ 
  &THCP XYZ=11.16, 1.36, 2.16, QUANTITY='TEMPERATURE', LABEL='F2'/ 
  &THCP XYZ=11.16, 1.36, 1.96, QUANTITY='TEMPERATURE', LABEL='F3'/ 
  &THCP XYZ=11.16, 1.36, 1.76, QUANTITY='TEMPERATURE', LABEL='F4'/ 
  &THCP XYZ=11.16, 1.36, 1.56, QUANTITY='TEMPERATURE', LABEL='F5'/ 
  &THCP XYZ=11.16, 1.36, 1.36, QUANTITY='TEMPERATURE', LABEL='F6'/ 
  &THCP XYZ=11.16, 1.36, 1.16, QUANTITY='TEMPERATURE', LABEL='F7'/ 
  &THCP XYZ=11.16, 1.36, 0.96, QUANTITY='TEMPERATURE', LABEL='F8'/ 
  &THCP XYZ=11.16, 1.36, 0.76, QUANTITY='TEMPERATURE', LABEL='F9'/ 
  &THCP XYZ=11.16, 1.36, 0.56, QUANTITY='TEMPERATURE', LABEL='F10'/ 83 
  &THCP XYZ=13.16, 1.36, 2.44, QUANTITY='TEMPERATURE', LABEL='G1'/ 
  &THCP XYZ=13.16, 1.36, 1.22, QUANTITY='TEMPERATURE', LABEL='G2'/ 
  &THCP XYZ=15.16, 1.36, 2.44, QUANTITY='TEMPERATURE', LABEL='H1'/ 
  &THCP XYZ=15.16, 1.36, 1.22, QUANTITY='TEMPERATURE', LABEL='H2'/ 
  &THCP XYZ=17.16, 1.36, 2.32, QUANTITY='TEMPERATURE', LABEL='I1'/ 
  &THCP XYZ=17.16, 1.36, 1.08, QUANTITY='TEMPERATURE', LABEL='I2'/ 
  &THCP XYZ=19.16, 1.36, 2.32, QUANTITY='TEMPERATURE', LABEL='J1'/ 
  &THCP XYZ=19.16, 1.36, 1.08, QUANTITY='TEMPERATURE', LABEL='J2'/ 91 
  &THCP XYZ=21.16, 1.36, 2.44, QUANTITY='TEMPERATURE', LABEL='K1'/ 
  &THCP XYZ=21.16, 1.36, 2.16, QUANTITY='TEMPERATURE', LABEL='K2'/ 
  &THCP XYZ=21.16, 1.36, 1.96, QUANTITY='TEMPERATURE', LABEL='K3'/ 
  &THCP XYZ=21.16, 1.36, 1.76, QUANTITY='TEMPERATURE', LABEL='K4'/ 
  &THCP XYZ=21.16, 1.36, 1.56, QUANTITY='TEMPERATURE', LABEL='K5'/ 
  &THCP XYZ=21.16, 1.36, 1.36, QUANTITY='TEMPERATURE', LABEL='K6'/ 
  &THCP XYZ=21.16, 1.36, 1.16, QUANTITY='TEMPERATURE', LABEL='K7'/ 
  &THCP XYZ=21.16, 1.36, 0.96, QUANTITY='TEMPERATURE', LABEL='K8'/ 
  &THCP XYZ=21.16, 1.36, 0.76, QUANTITY='TEMPERATURE', LABEL='K9'/ 
  &THCP XYZ=21.16, 1.36, 0.56, QUANTITY='TEMPERATURE', LABEL='K10'/ 101 
 
  &ISOF QUANTITY='MIXTURE_FRACTION', VALUE(1)=0.05/ 
 
 
  &BNDF QUANTITY='GAUGE_HEAT_FLUX' /                                            
FDS will record the gauge heat flux to all solid surfaces. 
  &BNDF QUANTITY='WALL_TEMPERATURE' /                            
 FDS will record the wall temperature of all solid surfaces. 
  &BNDF QUANTITY='BURNING_RATE' /                                  
 FDS will record the rate of burning across all solid surfaces. 
 
  &SLCF PBY=1.35, QUANTITY='TEMPERATURE'/                          
 Slice File through Speciment center extending through door. 
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Materials: 
 
  &REAC ID='POLYURETHANE' 
      FYI='C_6.3 H_7.1 N O_2.1, NFPA Handbook, Babrauskas' 
      SOOT_YIELD = 0.10 
      MW_FUEL    = 130.3 
      FUEL_N2    = 0.5 
      NU_CO2     = 6.3   
      NU_H2O     = 3.55 
      NU_O2      = 7.025  / 
 
  &SURF ID                 = 'SEAT' 
      FYI                  = 'Curtesy of MPQ-OZ `05' 
      HEAT_OF_VAPORIZATION = 1500. 
      HEAT_OF_COMBUSTION   = 16829. 
      BURNING_RATE_MAX     = 0.00579 
      DELTA                = 0.06389 
      KS                   = 0.09 
      C_P                  = 2.4 
      DENSITY              = 137.297 
      BACKING              = 'INSULATED' 
      TMPIGN               = 330. 
      BURN_AWAY     =.TRUE. / 
 
  &SURF ID                 = 'CARPET' 
      FYI                  = 'Carpet Char MQP`06' 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.008 
      TMPIGN               = 400.0 
      HEAT_OF_VAPORIZATION = 2062. 
      HEAT_OF_COMBUSTION   = 40000. 
      DENSITY              = 580 
      RAMP_KS              = 'KSa' 
      RAMP_C_P             = 'CPa' 
      RAMP_C_P_CHAR        = 'CPb' 
      RAMP_KS_CHAR         = 'KSb' 
      CHAR_DENSITY         = 350. 
      WALL_POINTS          = 30 
      BACKING              = 'INSULATED' 
      BURN_AWAY     = .TRUE./ 
  &RAMP ID = 'KSa',  T = 20.,  F = 0.09  / 
  &RAMP ID = 'KSa',  T = 500., F = 0.30  / 
  &RAMP ID = 'KSb', T = 20.,   F = 0.0616 / 
  &RAMP ID = 'KSb', T = 900.,  F = 0.128  / 
  &RAMP ID = 'CPa', T = 20.,   F = 1.2   / 
  &RAMP ID = 'CPa', T = 500.,  F = 3.0   / 
  &RAMP ID = 'CPb', T = 20.,   F = 0.68  / 
  &RAMP ID = 'CPb', T = 400.,  F = 1.5   / 
  &RAMP ID = 'CPb', T = 900.,  F = 1.8   / 
 
 
&SURF ID                   = 'GRP' 
      FYI                  = 'Charring material' 
      RGB                  = 0.5,0.2,0.1 
      PHASE                = 'CHAR' 
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      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.0027 
      TMPIGN               = 310.0 
      BURNING_RATE_MAX     = 0.0355 
      HEAT_OF_VAPORIZATION = 1250. 
      HEAT_OF_COMBUSTION   = 14000.   
      DENSITY              = 1500. 
      RAMP_KS              = 'KS' 
      RAMP_C_P             = 'CPV' 
      RAMP_C_P_CHAR        = 'CPC' 
      RAMP_KS_CHAR         = 'KSC' 
      CHAR_DENSITY         = 250. 
      WALL_POINTS          = 30 
      BURN_AWAY     = .TRUE 
      BACKING              = 'INSULATED'/ 
&RAMP ID = 'KS',  T = 20.,   F = 0.2  / 
&RAMP ID = 'KS',  T = 500.,  F = 3.2  / 
&RAMP ID = 'KSC', T = 20.,   F = 0.10 / 
&RAMP ID = 'KSC', T = 900.,  F = 0.40/ 
&RAMP ID = 'CPV', T = 20.,   F = 1.0 / 
&RAMP ID = 'CPV', T = 500.,  F = 2.0 / 
&RAMP ID = 'CPC', T = 20.,   F = 1.5  / 
&RAMP ID = 'CPC', T = 400.,  F = 3.0   / 
&RAMP ID = 'CPC', T = 900.,  F = 7.0   /  (Delta at .0027)  
 
  &SURF ID                 = 'PLYWOOD' 
      FYI                  = 'Curtesy of -SPRUCE- in FDS Database' 
      RGB                  = 0.5,0.2,0.1 
      PHASE                = 'CHAR' 
      MOISTURE_FRACTION    = 0.01 
      DELTA                = 0.028 
      TMPIGN               = 360.0 
      HEAT_OF_VAPORIZATION = 500. 
      DENSITY              = 450. 
      RAMP_KS              = 'KS' 
      RAMP_C_P             = 'CPV' 
      RAMP_C_P_CHAR        = 'CPC' 
      RAMP_KS_CHAR         = 'KSC' 
      CHAR_DENSITY         = 120. 
      WALL_POINTS          = 30 
      BACKING              = 'EXPOSED'/ 
  &RAMP ID = 'KS',  T = 20.,   F = 0.13  / 
  &RAMP ID = 'KS',  T = 500.,  F = 0.29  / 
  &RAMP ID = 'KSC', T = 20.,   F = 0.077 / 
  &RAMP ID = 'KSC', T = 900.,  F = 0.16  / 
  &RAMP ID = 'CPV', T = 20.,   F = 1.2   / 
  &RAMP ID = 'CPV', T = 500.,  F = 3.0   / 
  &RAMP ID = 'CPC', T = 20.,   F = 0.68  / 
  &RAMP ID = 'CPC', T = 400.,  F = 1.5   / 
  &RAMP ID = 'CPC', T = 900.,  F = 1.8   / 
 
  &SURF ID               = 'STEEL' 
      RGB                = 0.20,0.20,0.20 
      C_DELTA_RHO        = 20. 
      DELTA              = 0.015 / 
 
  &SURF ID               = 'SHEET STEEL' 
 127
      FYI                = '18 guage sheet metal' 
      RGB                = 0.20,0.20,0.20 
      C_DELTA_RHO        = 4.7 
      DELTA              = 0.0005 / 
 
  &SURF ID               = 'GLASS_TOP' 
      FYI                = 'Quintiere, Fire Behavior' 
      RGB                = 1.0,1.0,0.75 
      DELTA              = 0.005 
      KS                 = 0.76 
      C_P                = 0.84 
      DENSITY            = 2700. 
      BACKING            = 'EXPOSED' / 
 
  &SURF ID               = 'GLASS_BOTTOM' 
      FYI                = 'Quintiere, Fire Behavior' 
      RGB                = 1.0,1.0,0.75 
      DELTA              = 0.0125 
      KS                 = 0.76 
      C_P                = 0.84 
      DENSITY            = 2700. 
      BACKING            = 'EXPOSED' / 
   
  &SURF ID    = 'GYPSUM BOARD' 
      FYI    = 'Quintiere, Fire Behavior' 
      RGB    = 0.80,0.80,0.70 
      HRRPUA = 100. 
      RAMP_Q = 'GB' 
      KS     = 0.48 
      C_P    = 0.84 
      DENSITY= 1440. 
      DELTA  = 0.013 
      TMPIGN = 400. / 
  &RAMP ID='GB',T= 0.0,F=0.0 / 
  &RAMP ID='GB',T= 1.0,F=0.5 / 
  &RAMP ID='GB',T= 2.0,F=1.0 / 
  &RAMP ID='GB',T=10.0,F=1.0 / 
  &RAMP ID='GB',T=20.0,F=0.0 / 
  &RAMP ID='GB',T=30.0,F=0.0 / 
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7.8 Appendix H – Thermocouple Data 
 
 
 
Thermocouple Rake 'A' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 57 - Thermocouple A1 
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Thermocouple Rake 'A' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 58 - Thermocouple A2 
 
Thermocouple Rake 'B' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 59 - Thermocouple B1 
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Thermocouple Rake 'B' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 60 - Thermocouple B2 
 
Thermocouple Rake 'B' TC 3 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 61 - Thermocouple B3 
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Thermocouple Rake 'B' TC 4 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 62 - Thermocouple B4 
 
Thermocouple Rake 'B' TC 5 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 63 - Thermocouple B5 
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Thermocouple Rake 'B' TC 6 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 64 - Thermocouple B6 
 
Thermocouple Rake 'B' TC 7 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 65 - Thermocouple B7 
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Thermocouple Rake 'B' TC 8 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 66 - Thermocouple B8 
 
Thermocouple Rake 'B' TC 9 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 67 - Thermocouple B9 
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Thermocouple Rake 'C' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 68 - Thermocouple C1 
 
Thermocouple Rake 'C' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 69 - Thermocouple C2 
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Thermocouple Rake 'D' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 70 - Thermocouple D1 
 
Thermocouple Rake 'D' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 71 - Thermocouple D2 
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Thermocouple Rake 'E' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 72 - Thermocouple E1 
 
Thermocouple Rake 'E' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 73 - Thermocouple E2 
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Thermocouple Rake 'F' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 74 - Thermocouple F1 
 
Thermocouple Rake 'F' TC 2 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 75 - Thermocouple F2 
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Thermocouple Rake 'F' TC 3 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 76 - Thermocouple F3 
 
Thermocouple Rake 'F' TC 4 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 77 - Thermocouple F4 
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Thermocouple Rake 'F' TC 5 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 78 - Thermocouple F5 
 
Thermocouple Rake 'F' TC 6 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 79 - Thermocouple F6 
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Thermocouple Rake 'F' TC 7 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 80 - Thermocouple F7 
 
Thermocouple Rake 'F' TC 8 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 81 - Thermocouple F8 
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Thermocouple Rake 'F' TC 9 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 82 - Thermocouple F9 
 
Thermocouple Rake 'F' TC 10 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 83 - Thermocouple F10 
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Thermocouple Rake 'G' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 84 - Thermocouple G1 
 
Thermocouple Rake 'G' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 85 - Thermocouple G2 
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Thermocouple Rake 'H' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 86 - Thermocouple H1 
 
Thermocouple Rake 'H' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 87 - Thermocouple H2 
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Thermocouple Rake 'I' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 88 - Thermocouple I1 
 
Thermocouple Rake 'I' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 89 - Thermocouple I2 
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Thermocouple Rake 'J' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 90 - Thermocouple J1 
 
Thermocouple Rake 'J' TC 2 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 91 - Thermocouple J2 
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Thermocouple Rake 'K' TC 1 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 92 - Thermocouple K1 
 
Thermocouple Rake 'K' TC 2 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 93 - Thermocouple K2 
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Thermocouple Rake 'K' TC 3 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 94 - Thermocouple K3 
 
Thermocouple Rake 'K' TC 4 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 95 - Thermocouple K4 
 148
 
Thermocouple Rake 'K' TC 5 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 96 - Thermocouple K5 
 
Thermocouple Rake 'K' TC 6 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 97 - Thermocouple K6 
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Thermocouple Rake 'K' TC 7 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 98 - Thermocouple K7 
 
Thermocouple Rake 'K' TC 8 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 99 - Thermocouple K8 
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Thermocouple Rake 'K' TC 9 - CSIRO vs. FDS 
(Temperature vs. Time)
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Figure 100 - Thermocouple K9 
 
Thermocouple Rake 'K' TC 10 - CSIRO vs. FDS
(Temperature vs. Time)
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Figure 101 - Thermocouple K10 
